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ABSTRACT
OSMOTIC ADJUSTMENT IN TWO POPULATIONS OP UROSALPINX 
CINEREA (SAY) (MURICIDAE, PROSOBRANCHIA, GASTROPODA)
by
KENNETH W. TURGEON
The osmotic responses of two populations of the 
common "oyster drill," Urosalpinx cinerea (Say) (Muricidae, 
Prosobranchia, Gastropoda), to changing salinity were in­
vestigated and statistically compared. Osmotic adjustment 
was determined by monitoring salinity-induced changes in 
tissue osmolality, tissue water content and tissue levels 
of ninhydrin positive substances (NPS), free amino acids 
(PAA), soluble protein, chloride, sodium and potassium.
In addition, behavioral responses to the various test 
salinities were recorded.
Interpretation of the data has led to the follow­
ing conclusions:
1. Salinities of 10, 15 and 4-0 o/oo were stress­
ful to both populations.
2. Initial osmotic responses to a new salinity 
were passive adjustments to ambient osmotic conditions.
5. Neither population regulated extra-cellular 
levels of chloride and sodium.
xix
4. Both populations regulated internal levels of 
potassium.
5. Soluble proteins may have been osmotically 
important as carriers of potassium in either active trans­
port or exchange diffusion processes.
6 . Taurine, aspartic acid, alanine, glutamic acid, 
lysine and glycine were the mat-jor amino acids affecting the 
intra-cellular osmolality.
7. Other unidentified nitrogenous compounds, in 
addition to the 18 amino acids measured, were important 
effectors of the intra-cellular osmolality.
8 . Both populations exhibited intra-cellular, 
anisosmotic regulation at the above-noted stress salinities.
9- The two populations differed slightly in their 
osmotic responses to all test salinities.
xx
INTRODUCTION
The literature on osmotic and ionic regulation in 
marine and estuarine invertebrates is voluminous. Krogh 
(1959) in bis classic work, "Osmotic regulation in aquatic 
animals", presented a comprehensive review of the osmotic 
and ionic data accumulated prior to 1939- Potts and Parry 
(1 9 6 4 ) gave an excellent review of the more recent studies 
in this area. Work published to date indicates that marine 
and estuarine invertebrates, excepting some decapod crus­
taceans and polychaete annelids, are strict osmoconformers, 
the body fluids being isosmotic with the external seawater 
over the entire range of survival salinities. But osmo- 
conformity does not preclude ionic regulation, and Dakin 
and Edmonds (1931)> Robertson and Webb (1939) and Robertson 
(1949, 1953) demonstrated ionic regulation in several 
osmoconforming taxa. While the mechanism of ionic re­
gulation is poorly known, the data suggests ionic complex- 
ing with blood protein, a Donnan equilibrium or both 
(Potts and Parry, 1964).
The work of Duchateau, Sarlet, Camien and Plorkin 
(1952), Lewis (1952), Duchateau and Plorkin (1955, 1956), 
Potts (1958), Shaw (1958) and Simpson, Allen and Awapara 
(1 9 5 9 ) indicated that free amino acids, including the sul­
fonic acid taurine are important osmotic effectors of the 
intracellular fluid of aquatic invertebrates. Further 
work (Allen, 1961, Awapara, 1962; Lange, 1963; Plorkin, 
1966; Lynch and Wood, 1966; Emerson, 1969; Clark, 1968;
1
2Dupaul and Webb, 1970; Virkar and Webb, 1970; and Gilles, 
1972) supports their results. It is now accepted that 
inorganic ions, primarily chloride and sodium, are the 
major osmotic effectors of the blood, while those of the 
intracellular fluid are free amino acids, and, to a lesser 
extent, other low molecular weight amino compounds and 
potassium. Thus, the blood and intracellular fluid are 
isosmotic but they differ substantially in ionic composi­
tion.
Marine and estuarine molluscs are considered to 
be osmoconformers with a limited degree of ionic regula­
tion (Prosser and Brown, 1961). However, most of the 
work on molluscs has been limited to marine groups and 
estuarine bivalves. It would be expected that evolutionary 
adaptations to the stenohaline conditions of the marine 
environment would not favor osmoregulatory mechanisms in 
the true marine forms. The sedentary nature of bivalves 
and their ability to close themselves off from the external 
environment during periods of stress would favor osmotic 
tolerance rather than regulation in the marine-derived 
estuarine species. In both cases isosmocity of tissue 
fluids with the surrounding water would require consider­
ably less energy expenditure than would anisosmocity.
Little work has been done on intertidal and 
estuarine prosobranch gastropods, species which are the 
more likely of the molluscs to exhibit osmoregulatory 
abilities (Robertson, 1964). Todd (1964) and Peterson
3and Duerr (1969) presented data suggesting osmoregulation 
in two species from this latter group. Todd showed that 
at a salinity of 8.8 o/oo the marsh periwinkle, Littorina 
littorea, had a blood osmolality one to three times greater 
than that of the external water. Peterson and Duerr, 
working with the intertidal marine limpet, Tegula 
f•unebralis. showed a significant decrease in free amino 
acid levels when the animals were transformed from water 
having a salinity 120# that of normal seawater to water 
of 160# strength. They postulated that Tegula showed 
hypo-osraotic regulation at the higher salinity.
In light of these latter investigations the 
present study was undertaken to investigate the osmotic 
adjustment of the common "oyster drill," Urosalpinx 
cinerea (Say) (Muricidae, Prosobranchia, Gastropoda), to 
changes in salinity. The study is also of a comparative 
nature and investigates the possibility of intraspecific 
differences in osmotic adjustment between two, spatially 
isolated and morphologically different populations from 
quite different salinity regimes. The comparative aspects 
of the study are important since "physiological races" of 
U. cinerea are known to exist (Stauber, 1950; Shick, 1972).
4METHODS AND MATERIALS
General
As mentioned in the introduction, animals from two 
populations of U. cinerea were used in this study (Fig. 1). 
One population is intertidal at Nobska Point, Falmouth, 
Massachusetts (Fig. 2), and the other is subtidal on an 
oyster bed off Nannie Island, Great Bay, New Hampshire 
(Fig. 3). Specimens from both populations are on file in 
the Department of Malacology, Harvard Museum of Comparative 
Zoology, Cambridge, Massachusetts. Nobska Point is a 
rocky, coastal habitat with a five year salinity fluctua­
tion of less than three o/oo, the mean salinity being 
approximately 3i o/oo (based on 1966-70 salinity data 
from Woods Hole Oceanographic Institution). Great Bay is 
a temperate estuary with a mud-silt bottom, and salinities 
at Nannie Island range from six o/oo during spring 
freshets up to 30 o/oo in the late summer (Ayer, Smith 
and Acheson, 1970).
Animals from both populations were collected in 
the field two to four weeks prior to the start of an ex­
periment and held in the laboratory at a salinity of 
30 - 0.1 o/oo and a temperature of 20 - 1 C. Test animals 
were chosen for similarity of size and ranged from 22 to 
29 mm in shell length. During both holding periods and 
experiments the animals were held in 46-liter, acrvllic 
plastic (Rohm and Haas Co.) aquaria, maintained at a 
density of five individuals or less per liter of water
Figure 1. Urosalpinx oinerea from Nobska Point, Falmouth, 






Figure 2. Location of Nobska Point, Falmouth, Massachusetts.
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and fed small (1 5 - 2 5  mm in height) Mytilus edulis. 
Aerated, standing water was used, and the desired 
salinities were prepared by either dilution of Great Bay 
water with well water or addition of artificial sea salt 
(Aquarium Systems, Inc.) to Great Bay water. Salinities 
were checked for accuracy (i 0 . 1  o/oo) by titration with 
silver nitrate and adjusted if necessary before the start 
of an experiment. All salinities were prepared three to 
five hours before use. Half of the water in the aquaria 
was changed every three to four days during the extended 
holding periods. Aquaria were covered with acryllic 
plastic tops to prevent evaporative loss of water. The 
pH of all laboratory prepared water never fell below 7.1 
or exceeded 7*9. These limits are well within the sur­
vival range for U. cinerea (Sizer, 1956).
The study consisted of two experiments. Experi­
ment I, conducted from August 4-25* 1971 * was designed to 
test the time-rate osmotic adjustment of the animals to 
ten-o/oo changes in salinity. Experiment II, conducted 
from September 15-Oetober 11, 1972, was designed to test 
the osmotic adjustment of the animals to 2 .5 -o/oo incre­
ments over a range of salinities from 10 o/oo to 40 o/oo. 
The initial or acclimation salinity for both experiments 
was 5 0 o/oo, and water temperature was maintained at 
20 - 1 C.elsius.
Osmotic adjustment was determined by monitoring 
changes' in tissue osmolality, percent tissue water and
12
tissue levels of ninhydrin positive substances (NPS), free 
amino acids (PAA), soluble protein, chloride, sodium and 
potassium in response to changes in salinity. Ten animals 
from each laboratory population were randomly collected at 
each experimental sampling period. The tissues of five 
animals were analyzed for osmolality, NPS, PAA, soluble 
protein, chloride, sodium and potassium. All of these 
analyses, with the exception of PAA, were conducted on 
individual animals. PAA determinations were carried out 
on pooled homogenate samples of the five tissues. The 
remaining five tissues were individually analyzed for 
percent water content. The mean water content was used 
to convert tissue constituent values for the other five 
corresponding animals from units per kilogram wet tissue to 
units per kilogram tissue water (molality). Interpretation 
of the data was aided by statistical analyses.
General observations were made on the behavioral 
responses of the animals to the various test salinities. 
These observations were limited, but behavioral responses 
recorded were relative rate of attachment, feeding, crawl­
ing and negative geotaxis.
Experiment I
In Experiment I tissues from 280 animals per pop­
ulation were treated as described above. In addition, 12 
extra animals per population were carried through each test 
salinity as replacements for possible deaths. The design 
of Experiment I is schematically presented in
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Figure four. After two weeks exposure to a salinity of 
3 0 0 / 0 0  in the laboratory, 7 2 animals per population were 
immediately transferred to a salinity of 4-0 0 / 0 0  and 24-6 
to a salinity of 20 0/0 0 . Ten animals per population were 
removed just prior to the salinity transfers, and the 
tissues analyzed for initial (zero hour) "osmotic con­
dition". Ten animals were collected from the test salin­
ities at exposure times of six, 12, 24-, 36, 4-8 and 72 
hours, and the tissues analyzed to determine time-rate 
osmotic adjustment to these salinities. This constituted 
phase 1 .
In phase 2 the remaining 174- animals per popula­
tion, which were transferred to 2 0 0 / 0 0  in phase 1 were 
held at this salinity for a total of two weeks. Eighty- 
two were then immediately transferred to 3 0 0 / 0 0  and 82 
to 1 0 0 / 0 0  to determine time-rate osmotic adjustment to 
these salinities. Tissue sampling times were the same as 
in phase 1 with the addition of a 168-hour sample, and 
the tissues of ten animals per population were sampled 
just prior to the salinity changes to determine initial 
(zero hour) "osmotic condition" at 2 0 0/0 0 .
Experiment II
In this experiment 94- animals per population were 
exposed to a salinity of 3 0 0 / 0 0  in the laboratory for a 
period of four weeks. Thirty-two animals were then sub­
jected to 2 .5 -o/oo increases in salinity to a final, 
maximum salinity of 4-0 0/0 0 . Fifty-two animals were
14
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simultaneously subjected to 2 .5-o/oo decreases in 
salinity to a final minimum salinity of 10 o/oo. Ten 
animals per population were removed at 1 2 0 -hours exposure 
to salinities of 4-0, 35* 25, 20, 15 and 10 o/oo, and the 
tissues analyzed to determine osmotic adjustment to slow, 
stepwise changes over this range of salinities. The re­
maining animals were then transferred to the next salinity 
in the series. Exposure time to each of the in-between 
salinities (37-5i 32,5* 27.5* 28.5 and 12.5 o/oo) was 7 2  
hours. As in Experiment I, ten animals per population 
were removed from the initial salinity of 3 0 o/oo just 
prior to the first salinity changes, and the tissues 
analyzed for initial "osmotic condition". The design of 
Experiment II is schematically presented in Figure five.
Preparation of Tissue Homogenates
For each sampling period animals were cracked out 
of their shells with a hammer, the opercula carefully 
peeled off and the tissues quickly rinsed in distilled 
water, blotted on absorbent paper and dried for two 
minutes under a stream of air at room temperature. During 
shell removal care was taken to sever only the muscles 
connecting the body to the columella to prevent excessive 
tissue damage and bleeding. The wet tissue was weighed 
to the nearest mg on a Mettler Balance (Model H10T) and 
then homogenized in a volume of doubly distilled water ten 
times the wet weight of the tissue. Thus all tissues were 
identically diluted 1 1 -fold with distilled water on a
Figure 5* Flow chart of Experiment II.
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weight-to-weight basis. Homogenization was by a motor- 
driven pestle, and the homogenizing tube (Pyrex, Corning 
No. 7725) was suspended in an ice-water bath. The homo- 
genates were placed in air-tight vials and stored in a 
freezer at -20 C until the actual tissue analyses were 
performed. Just prior to analysis for tissue constituents, 
the homogenates were removed from the freezer, quickly 
thawed in warm water and centrifuged in a Sorvall high 
speed, refrigerated centrifuge (Model RC2-B) at 10,000 RPM 
(ROP = 12100) for 30 minutes at 4 Celsius. The pellet was 
discarded, and fractions of the supematent were taken for 
each of the specific analyses mentioned previously (Figure 
6).
Prior to each use glassware was soaked for several 
hours in a sulfuric acid-potassium dichromate cleaning 
solution, soaked and rinsed in doubly distilled water and 
then inverted and allowed to air dry.
Tissue Water Content
Animals were removed from their shells and treated 
as described in the homogenization section with the ex­
ception that they were not homogenized or frozen. The 
whole tissues were dried in air and then in an oven at 
9 0 - 9 5  C for 7 2 hours, allowed to cool in a desiccator and 
then reweighed as dry tissues. Water content was calcu­
lated as the difference between wet tissue weight and dry 
tissue weight and expressed as a percentage of the wet 
tissue weight.
20
Figure 6. Schematic representation of the preparation 
of tissue samples and analyses carried out on 
individual tissue samples.
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Osmolality of the supernatant was determined in a 
semi-automatic osmometer (Advanced Instruments, Inc.,
Model 3-W). Only 0.25 ml of the supernatant was required. 
Conversion of supernatant osmolality to tissue osmolality 
was calculated according to the following formula: 
Theoretical dilution
factor of tissue water Osmolality Tissue os-
based on mean water X of homogen- = molality
content of the corres- ate in mOsm in mOsm
ponding five animals
The resulting osmolalities were higher than the true 
tissue osmolalities because of the inclusion of solutes 
normally not osmotically active (e.g., calcium carbonate 
granules stored in certain cells of the digestive tract). 
Also, the ionic coefficient of an electrolyte solution 
increases as the solution becomes more dilute (Prosser 
and Brown, 1961).
Ninhydrin Positive Substances (NPS)
A 0.2-ml fraction of the supernatant was brought 
up to four ml with 7 5# ethyl alcohol, mixed well and 
heated for ten minutes at 80 C to precipitate protein.
The homogenate-alcohol mixture was centrifuged (Sorvall 
high speed, refrigerated centrifuge, Model RC2-B) for 
eight minutes at 5000 RPM (RCP = 3020) and the superna­
tant removed and saved. The remaining pellet was washed 
with two ml of 7 5# alcohol, recentrifuged and the washing 
added to the original supernatant. The combined super­
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natant and washing was evaporated to dryness in a drying 
oven at a temperature of 80-85 Celsius. The residue 
present in the bottom of the tube was redissolved in eight 
ml of doubly distilled water and tested for NPS by the 
method of Troll and Cannon (1955)• Absorbence was 
measured in a Bausch and Lomb Spectronic 20 colorimeter 
at a wavelength of 570 mu. Several concentrations of 
L-leucine were used to prepare a standard curve.
Pree Amino Acids (FAA)
A 0.2-ml fraction was taken from each of the five 
supernatants, and these fractions combined to yield a 
one-ml pooled sample. A 0.2-ml fraction was then taken 
from this pooled sample and treated as outlined in the 
procedure for NPS. The dried residue was dissolved in 
four ml of a 2.2 pH citrate buffer and analyzed for 
individual free amino acids in a Beckman automatic amino 
acid analyzer (Model 120C) using the standard, protein 
hydrolyzate run (Spackman, Stein and Moore, 1958)*
Soluble Protein
A 0.2-ml fraction of the supernatant was diluted 
to five ml with doubly distilled water, mixed well and a 
one ml portion tested for protein by the method of Lowry, 
Rosebrough, Parr and Randall (1951)* Absorbence was 
measured in a Bausch and Lomb Spectronic 20 colorimeter 
at a wavelength of 720 mu. A standard curve was prepared 
from several concentrations of bovine serum albumin.
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Chloride, Sodium and Potassium
A 0.2-ml fraction of the supernatant was diluted 
to two ml with doubly distilled water and tested for 
chloride by the titration method of Schales and Schales 
(1941). Sodium and potassium were determined in a Coleman 
flame photometer (Model 21) with a Coleman Galv-o-meter 
attachment (Model 22) according to the procedures devel­
oped by Coleman Instruments, Inc. and listed in the in­
struction manual accompanying the instrument. For sodium, 
a 0 .2-ml fraction of the homogenate was diluted to five 
ml with a 0.02$ Flaminox solution (a non-ionic detergent); 
for potass um, a 0 .2 -ml fraction of the supernatant was 
diluted to ten ml with a 0.02?? Falminox solution.
Statistical Analyses
Statistical analyses employed were correlation, 
linear regression and ut" tests (Snedicor, 1956). Indi­
vidual tissue constituent values, rather than the means, 
were used. In Experiment I the time-rate data were analyzed 
together for each, individual test salinity, while in 
Experiment II the data for the various test salinities 
were analyzed together. The results of all statistical 
analyses were evaluated at the 9 5$ confidence level.
Significant differences between the populations 
in osmotic adjustment were determined by "t" tests for 
each osmotic variable, with the exception of FAA. Cor­
relation matrices were established for each population to 
determine if significant correlations existed among the
25
various osmotic variables. FAA and water content data 
were not included in any of the correlation matrices for 
obvious reasons. Linear regression analysis was used to 
determine and plot the regression of tissue osmolality on 
the osmolality attributable to NPS, chloride, sodium and 




Experiment I, phase 1; Osmotic adjustment to salinities 
of 2 0 and 40 o/oo
Changes in tissue osmolality with time. Both pop­
ulations decreased markedly in tissue osmolality within 
the first six hours of exposure to 2 0 o/oo and increased 
markedly at 4-0 o/oo for the same period (Pig. 7)- These 
initial changes were the largest observed between any two 
consecutive sampling times.
Patterns of changing osmolality with time at 20 
o/oo were similar for the two populations, the major dif­
ference being the magnitude of change between sampling 
periods. With the exception of the large increase shown 
by the Great Bay animals between 24- and 36 hours, the 
general trend was a gradual decrease in osmolality to 7 2  
hours. Population differences in mean osmolality were 
significant at 36 and 72 hours (Table ”1).
The Nobska Point animals transferred to 4-0 o/oo 
showed a further increase in osmolality to 1 2 hours 
followed by a greater decrease to 24- hours. The Great 
Bay animals decreased in osmolality between six and 12 
hours and then increased to 24 hours. The two populations 
had similar patterns of changing osmolality for the re­
maining sampling times. The final, 72-hour osmolalities 
were higher than the initial, 3 0-o/oo levels but lower 
than the maximum levels reached at six hours for the
27
Figure 7. Experiment I, phase 1: Changes in tissue
osmolality with time for Nobska Point and 
Great Bay Urosalpinx einagaa at 20 0/00 
(dashed lines) and 40 0/00 (solid lines). 
Circles ■ means and vertical lines ■ ranges. 





















Table 1. Experiment I, phase 1: Mean tissue osmolalities
for Nobska Point and Great Bay Urosalpinx cinerea 
at the different sampling times.
Sampling time 
in hours




0 1 4 0 1 .2 5 1 5 1 6 .5 4 1 1 5 .2 9
o 6 \  o
o  12C\J
. .  24
•h 36pj
1 1 2 7 .5 4
1 1 5 5 .1 2
1 0 4 2 .4 8
1 0 6 2 .8 2
1 2 4 3 .3 2
1 2 4 0 .3 0
1 0 4 6 .2 4
1 2 2 6 .6 0
1 1 5 .7 8  
8 5 .1 8  
3 .7 6  
1 6 3 .78*
• H  ,
h  48  cdm
72
9 7 0 .4 6
9 5 3 -4 4
9 9 8 .6 8
1 0 5 2 .7 0
2 8 .2 2
9 9 . 2 6 +
0o 1 4 0 1 .2 5 1 5 1 6 .5 4 1 1 5 .2 9
\  6 o 1 8 8 7 -5 6 2 0 2 0 .1 4 1 3 2 .5 8





1 7 0 8 .9 2
1 8 7 1 .3 2
1 8 6 7 .8 2
1 9 5 3 -3 4
1 5 8 .90* 
8 2 .0 2
cd 48
CO
1 6 5 2 .2 8 1 5 7 3 -9 6 5 8 .3 2
72 1 7 2 6 .9 2 1 6 7 2 .2 2 5 4 .7 0
♦Means are significantly different, P<0.05
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Great Bay animals and 12 hours for the Nobska Point 
animals. A significant difference between population 
osmolalities occurred only at the 24—hour sampling period.
Changes in NFS and PAA with time. Patterns of 
change in NPS levels were similar for both populations 
with the exception of the six to 1 2 hour responses at the 
4-0-o/oo salinity (Pig. 8 ). Significant population dif­
ferences in NPS levels existed for several sampling times 
(Table 2).
NPS levels for both populations at 20 o/oo de­
creased continuously with time, and the 7 2 hour levels 
were only one-third of the initial, 3O-0 / 0 0  levels. The 
one deviation in this decreasing trend was the increase 
in NPS levels between 24- and 36 hours.
NPS levels increased sharply during the first six 
hours (Great Bay) and 12 hours (Nobska Point) of exposure 
to 4-0 0/0 0 , and then decreased sharply. Pinal, 72-hour 
levels were less than the initial, 3O-0 / 0 0  levels. As 
with the 20-o/oo NPS responses, both groups at 4-0 0 / 0 0  
showed an increase in NPS levels between 24- and 3 6 hours 
followed by a decrease between 36 and 4-8 hours.
Changes in NPS levels with time were paralleled 
by similar changes in PAA levels (Pig. 9). Taurine was 
the most abundant amino acid and made up 1 5 -3 0 $ of the 
total PAA (Tables 3, 4-, 5 and 6 ). Other amino acids 
present in consistently high concentrations were lysine, 
aspartic acid, glutamic acid, glycine and alanine. To-
31
Figu!re8. Experiment I, phase 1: Changes in tissue
levels of KPS with time for Nobska Point and 
Great Say Uroaalninx cinerea at 20 o/oo 
(dashed lines) and 40 o/oo (solid lines). 
Circles <* means and vertical lines « ranges. 
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Table 2: Experiment I, phase 1: Mean tissue levels of NPS
for Nobska Point and Great Bay Urosalpinx cinerea 
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485.35 443.61 41.74
£ 48 334.46 275.57 58.89
72 344.72 274.75 69.97
♦Means are significantly different, P<0.05
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Pigtare 9. Experiment 1, phase 1: Changes in tissue
levels of PAA with tine for Nobska Point and 
Great Say Urosalninx cinerea at 20 o/oo 
(dashed lines) and 40 o/oo (solid lines). 





















































Table 5* Experiment I, phase 1: Changes in tissue levels of individual PAA with time
at the test salinity of 20 o/oo for the Nobska Point UroB&lpinx cinerea.
Values given as millimoles per Kg tissue water.
AMINO
ACID HOURS OP EXPOSURE
6 6 ' ' 12 24, 36" 48 " 72
LYSINE 45.8? 42.01 34.72- - 15.79- • 19.48- 11.15 8.08
HISTIDINE 2.95 2.70 2.41 0.66 tr. 0 . 3 2 tr.
ARGININE 5.11 2.47 1.62 0.74 1.13 2.03 0.25
CYSTEIC ACID 2.39 2.60 2.16 1.45 1.66 1 . 4 6 1.34
TAURINE 63.46 54.88 48.95 53.60 50.19 52.18 41.94
ASPARTIC ACID 31.49 26.86 23.06 14.37 10.36 8.31 6.44
THREONINE 18.74 16.32 13.93 7.84 7.54 4.91 3.83
SERINE 26.22 23.93 19.82 12.94 11.26 8.94 7.06
GLUTAMIC ACID 36.72 30.81 20.62 15.95 6.63 10.88 9.15
PROLINE 16.36 13-48 9.61 10.42 10.05 6.61 8.81
GLYCINE 29.58 25-39 22.50 14.11 14.86 10.80 9.53
ALANINE 41.59 34.91 31.79 19.25 21.56 15.95 12.85
VALINE 24.27 21.45 19.15 11.11 9.59 6.73 5.39
METHIONINE 6.86 - 6 .O7 5.1-9-
ISOLEUCINE 13-82 14.48 10.90
LEUCINE 26.38 26.12 19.51
TYROSINE 7.66 7.19 5.37
0 ALANINE 10.80 8.74 6.82
TOTAL 408.27 •* 360.41 297v93
TOTAL AS % 
ntp ttp.c; 88.03 94.56 80.67
2.9-5-• 2.06 2.42 1.38
5.80 5.30 4.07 2.42
10.44 8.83 6.45 4.20
3.85 2.79 2.75 1.85
2.98 2.49 1.72 1.94
204*25-=•- 185*.78-" 157.68 126.46
96.47 80.65 89.71 82.21
Table 4. Experiment I, phase 1: Changes in tissue levels of individual PAA with time
at the test salinity of 20 o/oo for the Great Bay Urosalpinx cinerea. Values
given as millimoles per Kg tissue water.
AMINO
ACID HOURS OP EXPOSURE
0 6 12 24-, 36 48 72
LYSINE 27.62 ■ 4-2.30 32.08: - 6.67- 32.03 6.86 4.60
HISTIDINE 0.36 1.4-2 0.71 trw • 0.96 ' 0.55 ---
ARGININE 0.66 tr. tr. 0.22 0.88 0.64 tr.
CYSTEIC ACID 2.75 3.08 4-. 29 2.73 2.45 1.09 2.05
TAURINE 61.09 5 2 . 8 6 54-. 50 37.26 42.51 54.72 31.75
ASPARTIC ACID 29.25 25.4-1 21.85 10.58 19.46 9.46 6.26
THREONINE 14-.53 14-. 50 13.31 5.18 1 0 . 9 8 4.46 2.73
SERINE 21.56 21.08 18.87 8.10 16.01 7.49 5.09
GLUTAMIC ACID 31.26 17.27 20.97 11.03 14.52 9.53 7.83
PROLINE 16.30 12.4-9 12.24 9.83 13.04 6.47 8.06
GLYCINE 27.99 23.23 24.41 13.14 19.13 11.52 9.52
ALANINE 34-. 99 29.4-2 31.64 14.98 26.54 12.57 10.45
VALINE 20.96 18.68 18.18 6.57 14.61 3.35 4.71
METHIONINE 4.58 3.05 2.97 2.14.... 3.01 1.64 0.53
ISOLEUCINE 12.41 9.87 9.52 3.68 - 7.89 - 2.88 2.46
LEUCINE 21.44 19.60 16.70 6.17 13.68 • 4.72 3.56
TYROSINE 3.40 6.88 4.29 2.37 4.46 2.04 0.89
0 ALANINE 7-44 7-47 5-76 1.42- 4.61 1.21 0.74
TOTAL 358.59 308,61 . 292.29 142.07' 246". 77 ' - 141.20 101.23
TOTAL AS # 
OF NPS 79.42 81.26 80.13 73.83 80.11 . 82.29 67.96
Table 5. Experiment I, phase 1: Changes in tissue levels of individual PAA with time
at the test salinity of 40 o/oo for the Nobska Point Urosalpinx cinerea.
Values given as millimoles per Kg tissue water.
HOURS OP EXPOSURE
0 6 12 24 T& 4& 72
LYSINE 45.8? 60.26 46. Oi 32.16 43.41 23.26 15.91
HISTIDINE 2.95 4.28 4.58 1.98 1.73 0.73 0.48
ARGININE 5.11 3.08 5.72 5.44 1.79 0.94 1.73
CYSTEIC ACID 2.39 3-96 4.68 3.27 3.82 2.97 3.0 7
TAURINE 63-45 82.55 70.34 67.94 74.04 7 2 . 1 2 66.03
ASPARTIC ACID 31.49 41.85 45.38 28.75 37.46 19.42 18.55
THREONINE 18.74 25.67 28.62 16.69 20.11 11.29 11.65
SERINE 26.22 37.08 39-58 24.06 29.42 19.17 14.31
GLUTAMIC ACID 36.72 46.13 53.90 33.25 40.49 26.24 24.26
PROLINE 16.36 21.76 28.39 18.12 24.20 15.15 14.91
GLYCINE 29.58 38.56 44.42 28.15 35.33 24.26 28.50
ALANINE 41.59 58.03 68.98 49.14 58.64 40.48 44.59
VALINE 24.27 34.14 36.71 20.88 25.06 14.94 15.41
METHIONINE 6.86 9.69 . 0 00
ISOLEUCINE 13.82 23.18 24.22
LEUCINE 26.38 42.35 44.80
TYROSINE 7.66 10.99 15.65
0 ALANINE o CO o 15*92 16.28
TOTAL 408.2? 559.68 587.34
TOTAL AS % 
OF NPS 88.03 92.45 94.53
I
5.14 9.20 3.64 3-73
12.28 17.62 7.57 9.57
22.54 30.34 14.31 16.50
8.08 9.89 3.72 5.09
8.82 10.76 4.02 5.31
586 . 69 473.31 304.23 299.60
92.93 97.52 90.96 86.91
-f*
Table 6. Experiment I, phase 1: Changes in tissue levels of individual PAA with time
at the test salinity of 40 o/oo for the Great Bay Urosalpinx cinerea. Values
given as millimoles per Kg tissue water.
HOURS OP EXPOSURE
O'  6 12 24- 36 48 72
LYSINE 27.62 51.27 33.85 32.23 34.79 15.49 12.16
HISTIDINE 0.36 1.4-7 1.03 1.01 0.93 tr. 0.21
ARGININE 0.66 0.23 1.27 0.60 0.84 0.39 0.24
CYSTEIC ACID 2.75 5.05 4.04 2.75 3.74 1.99 2.51
TAURINE 61.09 76.06 69-08 73.65 71.94 80.48 60.17
ASPARTIC ACID 29.25 34-. 21 32.44 28.88 33.18 16.25 16.37
THREONINE 14-.53 21.03 18.22 15.87 18.17 8.62 6.40
SERINE 21.56 30.4-9 27-38 24.76 27.58 16.00 12.90
GLUTAMIC ACID 31.26 36.61 38.77 30.42 40.32 18.35 14.46
PROLINE 16.30 22.21 20.81 18.04 22.03 10.15 11.23
GLYCINE 27.99 35.85 36.37 31.89 38.36 26.53 22.81
ALANINE 34-. 99 5 1 . 2 1 49.19 46.16 57.26 38.57 35.17
VALINE 20.96 26.17 25.05 21.82 24.12 11.04 9.51
METHIONINE 4.58 6.17 2.96
ISOLEUOINE 12.41 16.53 12.75
LEUCINE 21.44 29-71 24.00
TYROSINE 3.40 9.23 9.10
0 ALANINE 7.44 11.05 11.65
TOTAL 338.59 464.55 417-96
TOTAL AS %
fYP TVTPQ 79.42 90.60 92.39
1.86 7.88 2.25 0.87
13.18 14.83 5.98 5.48
23.68 26.88 10.67 9.20
8.19 7.26 3.69 3.00
9.96 10.69 3.42 2.67
384.95 440.80 269.87 225.36
99.93 99.37 97.93 82.02
-f*
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gether with taurine' these amino acids accounted for 60 to 
72#' of the total PAA levels at 20 0 / 0 0  and 56 to 72# of 
the total PAA levels at 40 0/0 0 . In general the percent 
contribution of these six amino acids to the PAA pools 
increased as total PAA levels decreased and decreased as 
PAA levels increased. Histidine, arginine and cysteic 
acid were the least abundant components of the PAA pools 
and together contributed less than 4# of the totals.
Total PAA contributed 80.6 to 97*3% of the NPS levels for 
the Nobska Point animals and 67-9 to 99•9% for the Great 
Bay animals.
Changes in soluble protein with time. Soluble 
protein levels of the Nobska Point and Great Bay animals 
transferred to 2 0 0 / 0 0  decreased 1 0 and 1 2 # respectively 
during the first six hours of exposure (Pig. 10). Beyond 
six hours soluble protein levels of the Nobska Point 
animals steadily increased, and the final, 7 2 -hour level 
was 10# greater than the initial, 5O-0 / 0 0  level. Beyond 
six hours the soluble protein levels of the Great Bay 
animals oscillated between increases and decreases, and 
the final, 7 2 -hour level was only 2 .3# less than the 
initial, 3O-0 / 0 0  level. While the two populations had 
quite dissimilar patterns of protein change, only the 48- 
hour levels were significantly different from each other 
(Table 7).
The Nobska Point and Great Bay animals trans­
ferred to 40 0 / 0 0  showed a steady increase in soluble
4-5
Figure 10. Experiment I, phase 1: Changes in tissue
levels of soluble protein with time for 
Nobska Point and Great Bay Urosalpinx cinerea 
at 20 o/oo (dashed lines) and 40 o/oo (solid 
lines). Circles ■ means and vertical lines - 






















Table 7- Experiment I, phase 1: Mean tissue levels of
soluble protein for Nobska Point and Great Bay 










0 75*-4-9 81.36 5.87
o
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o 6 68.10 71.48 3,38
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OJ 12 73.03 75.06 2.03
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trf 48 77.09 66.35 10.74*
W
72 83.27 79.38 3.89
o 0 75-4-9 81.36 5.87
o
\o 6 85.74- 92.69 6.95




24 106.20 123.23 17.03*
•H
•rl
36 97.25 96.07 1.18
H
Cl)
CO 48 95.28 88.82 6.46
72 89.41 89-51 0.10
♦Means are significantly different, P<0.05
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protein to 24 hours and then a steady decrease to 72 hours. 
The larger increase shown by the Great Bay population be­
tween 12 and 24 hours may have resulted in the significant 
difference between the 24-hour protein levels.
Changes in chloride with time. The two populations 
had quite dissimilar patterns of changing chloride with 
time at each of the test salinities (Fig. 11). Signifi­
cant differences between populations occurred at four of 
the 40-o/oo sampling times and at the 20-o/oo, 7 2-hour 
sampling period (Table 8).
The Nobska Point animals transferred to 20 0 / 0 0  
had a 28.5$ decrease in chloride content during the first 
six hours. This was followed by a steady increase in 
tissue chloride to 48 hours and then a relative leveling 
off between 48 and 72 hours. The 48 and 72-hour chloride 
levels were similar to the initial, 3O-0 / 0 0  level; 210 
and 203 mM versus 221 mM. The Great Bay animals trans­
ferred to 20 0 / 0 0  showed no substantial decrease in tissue 
chloride during the first six hours of exposure but a 
36$ decrease between six and 12 hours. Tissue chloride 
changes between 12 and 72 hours were minor and oscillated 
between decreases and increases. The final, 72-hour 
chloride level of the Great Bay animals was 25$ less than 
the initial, 3O-0 / 0 0  level.
Tissue chloride levels for both populations in­
creased greatly during the first six hours of exposure to 
40 0/0 0 ; the Nobska Point animals had a 76$ increase and
49
Figure 11. Experiment I, phase 1: Changes in tissue
levels of chloride with time for Nobska Point 
and Great Bay Urosaloinx cinerea at 20 o/oo 
(dashed lines) and 40 o/oo (solid lines). 
Circles ■ means and vertical lines « ranges; 
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Table 8. Experiment I, phase 1: Mean tissue levels of
chloride for Nobska Point and Great Bay Urosalpinx 












2 2 1 . 0 2 251.85 10.81
\  6  o 157-76 224.51 66.55*
o 1 2
OJ 170.85 164.09 6.76
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2 1 0 . 5 6
2 0 5 . 8 8








o 0  
o
2 2 1 . 0 2 251.85 1.0.81
O' 6 588.44 440.68 52.24
§  1 2 565.11 557.65 27.46
£  24
*P












72 459.88 372.85 67.05*
*Means are significantly different, P<0.05
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the Great Bay animals a 91# increase. Beyond six hours 
the Nobska Point group showed a net increase in tissue 
chloride to 7 2 hours, and the 7 2 -hour chloride level was 
double the initial, 30-o/oo level. The Great Bay animals 
showed a 23# decrease in chloride between six and 12 hours 
followed by a gradual increase to 48 hours and then a 
slight decrease to 72 hours. The Great Bay, 72-hour 
chloride level was 61# greater than the initial, 3O-0/00 
level.
Changes in sodium with time. Changes in sodium 
content were greatest during the first six hours at each 
of the test salinities for both populations (Pig. 12). 
Changes in tissue sodium levels beyond this time were 
relatively minor and oscillated between decreases and in­
creases. The animals at 20 0 / 0 0  had a net decrease in 
tissue sodium, while those at 40 0 / 0 0  had a net increase. 
The animals at 20 0 / 0 0  had final, 72-hour sodium levels 
25# less than the initial, 3O-0/00 levels, while the 
animals at 40 0/00 had final, 72-hour sodium levels 59# 
greater than the initial, 3O-0/00 levels. Tissue sodium 
levels were similar between the populations, and only the 
20-0/0 0 ,24 and 48-hour levels were significantly different 
(Table 9).
Changes in potassium with time. Time-rate adjust­
ment of tissue potassium showed a greater degree of 
fluctuation in the Great Bay animals than in the Nobska 
Point animals (Pig. 13). This difference was most
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Figure 12. Experiment I, phase 1: Changes in tissue
levels of sodium with, time for Nobska Point 
and Great Bay Prosaloinx cinerea at 20 o/oo 
(dashed lines) and 40 o/oo (solid lines). 
Circles « means and vertical lines - ranges. 
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(Table 9. Experiment I, phase 1: Mean tissue levels of
sodium for Nobska Point and Great Bay Urosalpinx 










o 0 187-24 180.31 6.95
o
\o 6 157-24 160.92 3.68
o
CVJ 12 146.89 146.59 0.03




56 155.91 157.43 16.48
M
•H
rH 48 146.67 129.18 17.49*
CQ
72 145.74 134.07 11.67
O
o 0 187.24 180.31 6.95
O 6 270.79 259.83 10.96
12 252.07 255.27 3.20
• •




56 288.80 284.05 4.75
pH
erf 48 248.12 236.91 11.21
72 295.59 290.04 5.55
*Means are significantly different, P<0.05
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Figure 13- Experiment I, phase 1: Changes in tissue
levels of potassium with time for Nobska Point 
and Great Bay Urosalninx oinerea at 20 o/oo 
(dashed lines) and 40 o/oo (solid lines). 
Circles - means and vertical lines - ranges. 
Zero hour salinity - 30 o/oo.
NOBSKA PT. GREAT BAY
T-T -r —■■■!  | |







noticeable at the 40-o/oo test salinity.
Both groups of animals transferred to 20 o/oo 
decreased 2 1# in potassium during the first six hours of 
exposure. The Nobska Point animals then increased steadily 
in potassium, reaching a maximum level at 48 hours. This 
48-hour level was only 2.1 mM less than the initial, 30- 
o/oo level. The potassium level of the Nobska Point 
animals then decreased 8.2 millimoles between 48 and 72 
hours. The Great Bay animals showed a continued decrease 
in potassium to 1 2 hours and then a large increase to 3 6  
hours. The 36-hour potassium level of the Great Bay 
animals was only 5-3 mM less than the initial, 3O-0 / 0 0  
level. A slight decrease to 48 hours followed by an quiv- 
alent increase to 7 2 hours resulted in a final potassium 
level similar to the 36-hour level. Significantly dif­
ferent potassium levels between the two groups of animals 
at 20 0 / 0 0  occurred at 36 and 72 hours (Table 10).
Potassium levels of the Nobska Point and Great 
Bay animals at 40 0 / 0 0  increased to 24 hours and then de­
creased steadily to 72 hours. This latter change resulted 
in final potassium levels which were only 14.5# greater 
than the initial, 3O-0 / 0 0  levels. While the groups at 
40 0 / 0 0  had slightly different patterns of tissue potas­
sium adjustment, corresponding potassium levels were not 
significantly different.
Changes in percent tissue water with time. Tissue 
water content of the Nobska Point and Great Bay animals
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Table 10. Experiment I, phase 1: Mean tissue levels of
potassium for Nobska Point and Great Bay 













>  6 7 0 . 8 8 76.50 5.52
oj 12 75-42 74.46 0.96
*  24 -p
76.41 79.60 5.19
• a  5 6
• H
81.86 90.61 8.75*
*  48 m 86.99 85-75
1.24




"o 6 112.24 115.28 5.04










72 104.24 110.51 6.07
♦Means are significantly different, P<0.05
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transferred to 20 o/oo increased several percent within 
the first six hours (Fig. 14-). This initial increase was 
followed by a slow leveling off and then a decrease to 7 2  
hours for the Great Bay population. The Nobska Point pop­
ulation showed a similar pattern with the exception of a 
large decrease between 24 and 36 hours. Final, 72-hour 
tissue water levels at 20 o/oo were approximately 2$ 
greater than the initial, 3 0 -o/oo levels for both popula­
tions .
The tissue water content of the Nobska Point 
animals transferred to 40 0 / 0 0  decreased greatly to 12 
hours and then increased 2.5$ to 24 hours. Tissue water 
content remained stable at about 73$ between 24 and 48 
hours. The 72-hour tissue water content, however, was 
only 7 0 .3$, representing a 3.4$ drop from the 48-hour 
level. The Great Bay animals at 40 0 / 0 0  showed a net de­
crease in tissue water content to 36 hours followed by a 
2.8$ increase to 48 hours. The 72-hour tissue water con­
tent (70$) was very similar to the 48-hour tissue water 
content (70.7$).
The tissue water content of the Nobska Point 
animals was significantly greater than that of the Great 
Bay animals at most of the sampling times for both test 
salinities (Table 11). The initial, 3O-0 / 0 0  tissue water 
levels of 76.85$ for the Nobska Point animals and 72.26$ 
for the Great Bay animals were also significantly dif­
ferent.
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Figure 14. Experiment I, phase 1: Changes in tissue
water content with time for Nobska Point and 
Great Bay Urosalpinx cinerea at 20 o/oo 
(dashed lines) and 40 o/oo (solid lines). 
Circles - means and vertical lines - ranges. 
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TABLE 11. Experiment I, phase 1: Mean tissue water con­
tent for Nobska Point and Great Bay Urosalt>inx
cinerea at the different sampling times.
Sampling time 
in hours






>  6 78.84 74.68 4.16*
8 12 79.63 74.97 4.66*
ei
£*r
243 79.75 75.54 4.21*




72 78.99 74.07 4.92*
0
0 76.85 72.26 4.59*
1  6 73.11 68.89
4.22*









36 72.93 67.90 5.03*
*r
I48 73.67 70.75 2.9272 1 70.28 70.00 0.28
♦Means are significantly different, P< 0.05
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Correlations■between osmotic variables. Positive 
correlations of tissue osmolality with tissue'levels of 
NPS, soluble protein, chloride, sodium and potassium were 
significant for the Great Bay 20-o/oo group and both 
40-o/oo groups (Tables 12 & 13). Tissue osmolality showed 
a significant, positive correlation only with tissue levels 
of NPS and sodium for the Nobska Point 20-o/oo group. In 
addition, tissue levels of potassium and soluble protein 
were significantly and positively correlated .for the former 
three groups but not for the Nobska Point 20-0 / 0 0  group. 
Significant, positive correlations between tissue levels 
of chloride and sodium existed for all test groups, while 
significant, positive correlations between chloride and 
potassium were limited to the Nobska Point 20-o/oo and 
40-o/oo groups and the Great Bay 40-o/oo group. Signifi­
cant, positive correlations of NPS with individual, in­
organic electrolytes were few and were limited to the 
20-o/oo groups. Significant, inverse correlations between 
variables did not exist for any of the test groups.
Regression of tissue osmolality on osmolality of 
NPS. chloride, sodium and potassium combined. The regres­
sions of tissue osmolality on osmolality due to NPS, 
chloride, sodium and potassium combined were highly sig­
nificant for all four groups of test animals (Figures 15 
& 16). Among all four test groups 72.5 to 83.3$ of the 
variation in tissue osmolality was attributable to the 
combined changes in NPS, chloride, sodium and potassium.
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Table 12. Experiment I, phase 1: Correlation matrices
for the 20-o/oo Nobska Point and Great Bay 














- - - - - - - - - - - 0.867* -0.032 0 . 0 5 0 0.535* 0.157





---------- 0.215 -0.237 0.283
f>>d
m Cl" 0.388* 0.459* -0.242 ---------- 0.372* 0 .6 3 6 *
-Pd
d Na+ 0.643* 0.675* -0.009 0.731*
---------- 0.071
P
CiJ K+ 0.397* 0 . 0 0 1 0.569* --0 . 0 5 6 0.077 — - -
♦Significant correlations, P<0.05
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Table 13. Experiment I, phase 1: Correlation matrices
for the 40-o/oo Nobska Point and Great Bay 
Urosalpinx cinerea test groups.
Nobska Point Correlations


















Protein 0.550* 0.255 0.325 0 . 3 1 0 0 .7 2 2 *
h,




Na+ 0 .5 0 1 * -0 . 0 7 8 0.259 0 .6 5 8 * 0.468*
<D
fH K + 0.645* 0 . 1 3 0 0.618* 0.545* 0.485*
♦Significant correlations, P<0.05
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Figure 15* Experiment I, phase 1: Regressions of tissue
osmolality on osmolality attributable to UPS, 
chloride, sodium and potassium combined for 
the 20-o/oo Nobska Point and Great Bay 
n-poaairtinx cinerea test groups.





















Figure 16. Experiment I, phase 1: Regressions of tissue
osmolality on osmolality attributable to NPS, 
chloride, sodium and potassium combined for 
the 40-o/oo Nobska Point and Great Bay 
Proaalninx cinerea test groups.
♦Values are significant, P<0.05
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The slopes of the Nobska Point and Great Bay regressions 
were almost identical at each of the test salinities and 
very similar between salinities.
Experiment I. phase 2: Osmotic adjustment to salinities
of 10 and 30 o/oo
Changes in tissue osmolality with time. The pop­
ulations had similar time-rate patterns of changing tissue 
osmolality at both test salinities (Pig. 17), and signifi­
cant population differences did not occur (Table 14). 
Minimum tissue osmolalities for the animals transferred to 
10 o/oo were reached at six hours (Great Bay) and 12 hours 
(Nobska Point) of exposure. Tissue osmolalities fluctuated 
between the remaining sampling times, but net increases to 
168 hours were apparent. Pinal, 168-hour osmolalities were 
only 7-6% less than the initial, 20-o/oo levels.
Tissue osmolalities of the Nobska Point and Great 
Bay animals transferred to 30 o/oo increased 45 and 47# 
respectively over initial, 20-o/oo levels within the first 
six hours of exposure. The Nobska Point animals then de­
creased slightly in osmolality to 12 hours. This decrease 
was followed by a steady increase to 72 hours. The final, 
168-hour tissue osmolality was 8.5# less than the 72-hour 
level, tissue osmolality of the Great Bay animals continued 
to increase to 56 hours and then leveled off to 168 hours. 
Pinal, 168-hour osmolalities were 85# (Nobska Point) and 
92# (Great Bay) greater than the initial, 20-o/oo levels.
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Figure 17* Experiment I, phase 2 s Changes in tissue 
osmolality with time for Nobska Point and 
Great Bay nyogaipinx cinerea at 10 o/oo 
(dashed lines) and 30 o/oo (solid lines). 
Circles » means and vertical lines * ranges.'1 
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Table 14. Experiment I, phase 2: Mean tissue osmolalities
for Nobska Point and Great Bay Urosalpinx cinerea
at the different sampling times.
Sampling time Mean Osmolalities (mOsm) Mean Differences 
in hours Nobska Great
Point Bay
0 924.34- 922.36 2.00
o 6 880.38 774-. 20 6.18
o
\
o 12 783.12 795.38 10.26
o




36 890.92 887.27 3.65
•H
•H




72 899.62 972.90 26.72
168 853.32 853.88 0.56




6 1334.35 1353.95 19.60
o
O
12 1270.10 1357.96 87-86








48 1673.14- 1818.62 145.48
cd
CQ 72 1855.70 1819.06 36.64
168 1703.05 1755.72 52.67
♦Means are significantly different, P<0.05
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Changes in NPS and PAA with time. Both groups 
transferred to 10 o/oo decreased greatly in NPS during the 
first six hours of exposure (Pig. 18); the Great Bay animals 
decreased 43# and the Nobska Point animals decreased 25#- 
Beyond six hours NPS levels increased and by 24 hours were 
greater than the initial, 20-o/oo levels. Maximum NPS 
levels were realized at 48 hours for the Nobska Point group 
and 72 hours for the Great Bay group. These maximum levels 
were more than double the initial, 20-o/oo levels. Pinal, 
168-hour NPS levels were less than the maxima, but were 
33# (Nobska Point) and 18# (Great Bay) greater than the 
initial, 2 0 -o/oo levels.
The Nobska Point animals transferred to 30 0 / 0 0  
increased 56# in NPS during the first six hours, while the 
Great Bay animals transferred to 30 0 / 0 0  showed no appreci­
able change in NPS for the same time period. However, be­
tween six and 12 hours the Great Bay animals increased 
8 6# in NPS, while the Nobska Point animals increased only 
4#. Thus, the resulting 12-hour NPS levels were identical. 
NPS levels for both populations increased steadily from 12 
to 7 2 hours, and the 7 2 -hour levels were more than four 
times the initial, 20-o/oo levels. NPS levels decreased 
sharply between 7 2 and 168 hours, but final, 168-hour 
levels were still more than double the initial, 2 0 -o/oo 
levels.
Population levels of NPS were significantly dif­
ferent from each other at three of the IO-0/00 sampling
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Figure 18. Experiment I, phase 2: Changes in tissue
levels of NFS with time for Nobska Point and 
Great Bay Prosalninx cinerea at 10 o/oo 
(dashed lines) and 30 o/oo (solid lines). 
Circles ■ means and vertical lines - ranges. 

































times and one of the 3O-0 / 0 0  sampling times (Table 15)•
Time-rate changes in FAA were similar to the cor­
responding NPS changes for both populations at both salin­
ities (Pig. 19)- Total PAA contribution to the various 
NPS levels ranged from 62 to 104$. In general taurine and 
alanine were the most abundant amino acids followed by 
aspartic acid, glutamic acid, lysine and glycine (Tables 
16, 17, 18 & 19)* Together these six amino acids consti­
tuted from 51 to 76# of the total PAA pools. Histidine, 
arginine and methionine were the least abundant amino 
acids and contributed little to the FAA pools.
Changes in soluble protein with time. Time-rate 
patterns of protein adjustment were similar between the 
populations at each test salinity (Pig. 20), and only the 
24—hour levels at 30 0 / 0 0  were significantly different 
(Table 20).
Soluble protein levels of the Nobska Point and 
Great Bay animals transferred to 10 0 / 0 0  decreased 9 and 
13# respectively within the first six hours. Changes in 
tissue protein levels were minor beyond the initial six- 
hour exposure and showed a net increase to 168 hours.
These 168-hour levels were 1.22 (Great Bay) and 5.75 gm 
(Nobska Point) less than the initial, 20-o/oo levels.
Soluble protein levels for the animals transferred 
to 30 0 / 0 0  increased 25 (Nobska Point) and 22# (Great 
Bay) between zero and 12 hours and then decreased slightly 
between 12 and 36 hours. Another large increase in sol-
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Table 15* Experiment I, phase 2: Mean tissue levels of
NPS for Nobska Point and Great Bay Urosalpinx










0 160.41 139.89 20.52
o & 119.65 8 0 . 0 7 39.56*
>  12 148.56 107.03 41.53*








168 215.30 164.92 48.38




\  12 o 259.03 259.85 0.82










168 380.73 284.51 96.21
♦Means are significantly different, P<0.05
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Figure 19. Experiment I, phase 2: Changes in tissue
levels of FAA with time for Nobska Point and 
Great Bay Urosalpinx oinerea at 10 o/oo 
(dahsed lines) and 30 o/oo (solid lines). 
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Table 16. Experiment I, phase 2: Changes in tissue levels of individual FAA with time
at the test salinity of 10 o/oo for the Nobska Point Urosalpinx cinerea.
Values given as millimoles per Kg tissue water.
AMINO
ACID HOURS OF EXPOSURE
0 6 12 24 36 48 72 168
LYSINE 10.62 4-.22 8.15 20.84- 9.4-6 18.82 22.83 10.63
HISTIDINE tr. 0.28 0.22 1.25 0.4-1- 0.99 1.32 0.33
ARGININE 1.20 tr. 1.66 1.4-9 0.52 3.26 2.87 3.18
CYSTEIC ACID 2.57 1.99 0.95 1.15 1.84 1.87 1.45 1.92
TAURINE 52.98 52.11 59.4-2 38.09 21.76 23.88 21.92 11.32
ASPARTIC ACID 6.56 5.17 9.08 19.03 14-.87 19.38 22.93 16.11
THREONINE 4.44 5.05 4-.55 10.4-3 10.52 11.20 14.49 8.68
SERINE 5.62 4-. 71 7.03 15.55* 15.56 17.13 20.59 13-26
GLUTAMIC ACID 5.28 6.4-2 10.64 21.05 17.09 19.87 26.58 17.80
PROLINE 5.60 6.27 7.4-5 10.83 12.60 12.23 12.93 13.57
GLYCINE 8.85 6.26 9.67 16.78 '15-34 16.09 20.46 12.21
ALANINE 15.4-0 10.02 14-.17 24-. 56 30.03 28.88 33.26 21.66
VALINE 5.4-5 5.96 5.76 13.06 14.13 1 5 . 2 1 20.36 12.47
METHIONINE 1.01 0.62 0.92
ISOLEUCINE 2.30 2.04 2.99
LEUCINE 3-73 2.80 4.78
TYROSINE 0.87 0.78
co•
0 ALANINE 0.61 0.74 1.94
TOTAL 112.11 91.34 130.95
TOTAL AS % 
OP NPS 69 • 89 76.36 88.30
2.95 2.48 3.48 3.07 2.06
8.02 8.87 9.59 12.47 7.25
13.58 14.73 16.35 21.59 13.57
4.36 2.91 5.36 5-73 3.82
4.61 4.75 6.14 8.33 4.70
>27.36 195.89- 229.75 273.17 174.54
98.55 83.83 77.18 101.00 81.83
CXI04
Table 17. Experiment I, phase 2: Changes in tissue levels of individual FAA with time
at the test salinity of 10 o/oo for the Great Bay Urosalpinx cinerea. Values
given as millimoles per Kg tissue water.
AMINO
ACID HOURS OF EXPOSURE
0 6 '12 24 36 48 72" '168
LYSINE 7.05 2.29 4.57 11.25 18.74 • 10.30 28.39 7.42
HISTIDINE ----- 0 . 2 0 ----- 0 . 3 6 0.67 0.75 2 . 0 2 tr.
ARGININE ----- 0 . 1 7 ----- 0.19 0.71 2.61 2.95 0.97
CYSTEIC ACID 2 .6i 2 . 1 7 ■fcr. 1.99 2.34 4.26 1 . 9 2 1.65
TAURINE 29.78 21.51 28.74 30.13 28.18 22.28 2 1 . 3 6 10.56
ASPARTIC ACID 6 . 1 1 3.65 4.89 10.79 2 2 . 7 6 17.47 24.47 15.45
THREONINE 2 . 8  7 1.69 2.61 5.51 9-38 9.69 15.56 7.55
SERINE 4.87 2.77 4.84 9.14 15.42 14.55 23.03 11.49
GLUTAMIC ACID 6.87 3.55 4.92 1 3 . 0 0 18.76 20.09 29.17 15.56
PROLINE 3.69 2.72 6 . 9 2 7-72 • ro o 15.50 14.76 14.28
GLYCINE 8.14 3.83 6.79 12.34 17.87 13.56 24.95 10.77
ALANINE 9.25 6.53 9.19 1 5 . 2 0 24.50 28.29 34.52 17.74
VALINE 2 . 2 2 2 . 1 0 3.08 8 . 0 1 11.33 11.96 20.99 10.43
METHIONINE 0.63 0.19 0.72
ISOLEUCINE 1.49 1.10 1.39
LEUCINE 2 . 3 2 1.40 1.93
TYROSINE 0.34 0.19 0.39
0 ALANINE 0 . 3 0 0.35 0.39
TOTAL 88.56 56.43 81.39
TOTAL AS % 


























142.72 218.78 196.96 - 301.78 146.03
91.46 88.31• 93.27 98.19 88.54
00
vn
Table 18. Experiment I, phase 2: Changes in tissue levels of individual EAA with time
at the test salinity of 50 o/oo for the Nobska Point Urosalpinx cinerea.
Values given as millimoles per Kg tissue water.
AMINO
ACID HOURS OP EXPOSURE
0 6 12 54' '' 36 _ _ "  '48'- -" 72 168
LYSINE 10.62 19.89 1 5 . 2 7 26.01. 54.87' 5 0 . 6 6 44.09 20.17
HISTIDINE tr. 0.22 0.51 0.64 2.85 4.01 5.12 2.02
ARGININE
oCVJ• 2.59 1.65 1.85 2.62 1.79 2.65 3.14
CYSTEIC ACID 2.57 2.95 2.48 3.06 3.50 2.79 3.91 3.51
TAURINE 32.98 49.05 60.55 41.95 45.20 56.19 55-77 45.24
ASPARTIC ACID 6.56 11.86 15-48 33.27 56.54 50.29 46.78 33.82
THREONINE 4.44 6.92 8.58 14.55 ro • ro 24.88 26.84 19.10
SERINE 5.62 10.80 14.01 21.91 5 1 . 7 0 39.49 40.15 28.20
GLUTAMIC ACID 5.28 14.78 20.64 2 1 . 5 2 41.18 51.96 50.45 40.21
PROLINE 5.60 17.85 12.09 21.09 2 5 . 8 8 28.84 28.53 18.00
GLYCINE 8.85 15-36 17-98 25.55 58.10 44.29 45.29 32.49
ALANINE 15.40 26.18 33.65 44.15 64.16 68.28 7 0 . 0 2 46.88
VALINE 5.45 7-53 10.52 18.52 27.95 32.99 35-92 28.86
METHIONINE 1.01 1.93 1.83
ISOLEUCINE 2.30 4.18 5.90
LEUCINE 5-73 7.05 9.90
TYROSINE 0.87 3.53 3-03
0 ALANINE 0.61 2.03 3.06
TOTAL 112.00 204.50 236.74
TOTAL AS % 
nw wps 69.82 81.80 91.39
3.79 4.25 6.96 7.72 4.44
10.66 17.97 23.03 24.27 18.85
17.96 31.67 38.83 42.45 30.45
4.74 9.03 9.96 10.67 5.41
3.78 12.06 17.80 14.70 8.78
512.36 - 448.54 525.66 553-50 389.58
94.84 92.69 93.91 81.43 89.75
CO
Table 19. Experiment I, phase 2: Changes in tissue levels of individual FAA with time
at the test salinity of 30 o/oo for the Great Bay Urosalpinx cinerea. Values
given as millimoles per Kg tissue water.
AMINO
ACID HOURS OP EXPOSURE
0 6 12 24 - 36 • 48 • 72 168
LYSINE 7.05 8.97 10.60 14,.83‘ 44.88 26.93 28.46 9.07
HISTIDINE --- tr. 0.31 0.38 3.06 1.60 1.36 1.07
ARGININE --- tr. 0.25 0.24 1.15 1.93 1.48 1.38
CYSTEIC ACID 2.61 3.68 2.22 3.55 4.56 3.83 3.29 3.98
TAURINE 29.78 36.15 40.73 28.23 50.26 42.27 46.64 32.12
ASPARTIC ACID 6.11 8.90 14.45 24.91 51.27 46.71 40.36 31.80
THREONINE 2.87 4.49 6.88 12.27 21.74 20.01 19.37 14.90
SERINE 4.87 7.26 10.92 16.26 38.08 31.47 31.23 21.68
GLUTAMIC ACID 6.87 11.18 14.88 21.45 62.36 40.79 40.55 31.81
PROLINE 5.69 7*98 1 1 . 0 7 15.62 24.46 24.35 22.24 22.65
GLYCINE 8.14 12.71 14.97 19.80 28.41 36.47 40.35 24.69
ALANINE 9.25 19.00 24.59 37.21 38.54 59.41 57.70 37.83
VALINE 2.22 3.95 9.36 15.90 22.80 28.32 28.26 21.58
METHIONINE 0.6$ 1.36 0.85
ISOLEUCINE 1.49 2.65 4.93
LEUCINE 2.$2 4.04 7-95
TYROSINE 0.34 0.98 2.24
0 ALANINE o.$o 0.49 2.48
TOTAL 88.56 133.81 179.69
TOTAL AS %
A T ?  W P S 62. $4 98.53 69.15
2.43 5.34 tr. 1.31 1.95
8.93 22.21 18.62 18.14 12.75
14.13 36.91 31.12 30.17 19.19
4.02 6.77 8.95 9.12 3.14
5.53 13.44 11.83 12.10 4.34
?45..?2- ' 476.25' - 434-.61- 432-.15 295.88




Figure 20. Experiment I, phase 2: Changes in tissue
levels of soluble protein with time for Nobska 
Point and Great Bay Urosalninx cinerea at 10 
o/oo (dashed lines) and 30 o/oo (solid lines). 
Circles - means and vertical lines - ranges. 





























Table 20. Experiment I, phase 2: Mean tissue levels of
soluble protein for Mobska Point and Great Bay 









0 775.10 68.35 6.82
6oo
67.68 58.92 8.76
>  12 65.48 62.36 3.12










168 69.55 67.11 2.24




>  12 94.63 83.50 11.55










168 104.89 104.06 0.83
♦Means are significantly different, P<0.05
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uble protein levels between 36 and 4-8 hours was followed 
by a leveling off to 168 hours. The 168-hour soluble pro­
tein content of the Nobska Point animals was 40# greater 
than the initial, 20-o/oo level, and that of the Great Bay 
animals was 5 3# greater than the initial, 2 0-o/oo level.
Changes in chloride with time. The chloride con­
tent of the Nobska Point and Great Bay animals transferred 
to 1 0 o/oo decreased 34 and 5 0# respectively during the 
first six hours, while that of the animals transferred to 
3 0 o/oo increased 50 and 28# (Pig. 21). Different patterns 
of time-rate adjustment may have resulted in the signifi­
cantly different chloride levels between the populations 
at the 10-o/oo, 12-hour and the 3O-0/0 0 , 24-and 36-hour 
sampling times (Table 21).
Chloride levels of the groups transferred to 10 
0 / 0 0  continued to decrease to 3 6 hours at which time 
minimal levels were attained; 71*35 mM for the Nobska 
Point group and 67*10 mM for the Great Bay group. Net 
increases in chloride levels then occurred between 3 6 and 
168 hours. These increases were small, and final, 168- 
hour levels were approximately 5 0# of the initial, 2 0- 
0/00 levels.
The 12-hour chloride levels of the Nobska Point 
and Great Bay animals transferred to 30 0 / 0 0  were more 
than one and one-half times that of the initial, 2 0 -o/oo 
levels. For the remaining sampling times the chloride 
content of the Great Bay animals oscillated between
94-
Figure 21. Experiment I, phase 2: Changes in tissue
levels of chloride with time for Nobska' Point 
and Great Bay PgoHalpin-g cinerea at 10 o/oo 
(dashed lines) and 30 o/oo (solid lines). 
Circles » means and vertical lines - ranges. 

































Table 21. Experiment I, phase 2: Mean tissue levels of
chloride for Nobska Point and Great Bay 
















\  1 2  o 1 2 7 . 6 6 106.04 21.62
o 24 85.07 86.95 1 . 8 6
.. 36
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71.55 6 7 . 1 0 4.25
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168 96.65 89.41 7.24
0 199.47 1 9 8 . 8 6 0.61
o & 2 9 8 . 2 0 255.47 42.73
>  1 2 3 2 9 . 8 0 309.68 2 0 . 1 2











168 251.57 258.99 1 2 . 5 8
♦Means are significantly different, P<0.05
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increases and decreases, while that of the Nobska Point 
animals showed a more stable pattern of change. A large 
decrease in tissue chloride levels between 7 2 and 168 hours 
for both populations resulted in final chloride levels 
which were only 25 (Nobska Point) and 20$ (Great Bay) 
greater than the initial, 20-o/oo levels.
Changes in sodium with time. The animals trans­
ferred to 10 o/oo decreased in sodium content to 36 (Nobska 
Point) and 4-8 hours (Great Bay), while those transferred to 
30 o/oo increased 1.7-fold within the first six hours of 
exposure (Pig. 22). The Nobska Point, 36-hour and Great 
Bay, 48-hour sodium levels at 10 o/oo were approximately 
one-half of the initial, 20-o/oo levels. The final, 168- 
hour levels were only slightly higher than these minimal 
values. Sodium levels of the animals transferred to 30 
o/oo fluctuated between six and 168 hours, but a net de­
crease was apparent. The final, 168-hour sodium levels 
were only 1.3 times the initial, 20-o/oo levels compared 
to 1.7 for the six-hour levels.
Significant population differences in tissue sodium 
levels occurred for the 10-o/oo, 6--and 12-hour samples and 
the 3O-0/0 0 , 24-hour sample (Table 22). Tissue sodium 
levels for the remaining sampling times were statistically 
similar.
Changes in potassium with time. Changes in tissue 
potassium levels were greatest between zero and six hours 
at both test salinities (Fig. 23). The IO-0/0 0 , 6-hour
98
Figure 22. Experiment I, phase 2: Changes in tissue
levels of sodium with time for Nobska Point 
and Great Bay Urosalninx cinerea at 10 o/oo 
(dashed lines) and 30 o/oo (solid lines). 
Circles - means and vertical lines - ranges. 

































Table 22. Experiment I, phase 2: Mean tissue levels of
sodium for Nobska Point and Great Bay Urosalpinx










0 142.95 134.76 8.19




o 1 2 1 1 8 . 7 8 94.94 23.84*
o
V 24 94.12 92.93 1.19
• • 36 73.73 74.77 1.04
•p•Hd 48 76.46 62.40 14.06H•HiH
cd 72 71.75 69.05 2.70
CO
168 7 8 . 0 0 77.00 1 . 0 0
0 142.95 134.76 8.19
6 2 5 0 . 0 6 231.59 18.47
o




24 230.58 2 0 8 . 9 2 2 1 .6 6 *
• • 36 205.30 223.27 17.97
h.
p 
•1—I 48 186.33 2 0 0 . 9 0 14.57
d
•rl 
i—1 72 217.27 212.83 4.44
cd
168 186.67 174.66 1 2 . 0 1
♦Means are significantly different, P<0.05
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Figure 23. Experiment I, phase 2: Changes in tissue
levels of potassium with time for Nobska Point 
and Great Bay Urosalninx einerea at 10 o/oo 
(dashed lines) and 30 o/oo (solid lines). 
Circles - means and vertical lines * ranges. 
































tissue potassium levels were approximately two-thirds of 
the initial, 2 0 -o/oo levels and the 3O-0/0 0 , 6 -hour levels 
were approximately 1.3 times greater. The two populations 
showed very similar patterns of potassium change with time 
at each test salinity, and only the IO-0/0 0 , six-hour and 
3O-0/0 0 , 12-hour levels were significantly different 
(Table 23). Tissue potassium levels of the animals at 10 
0 / 0 0  decreased steadily to 48 hours and then increased 
slightly between 48 and 72 hours. The 72-and 168-hour 
tissue potassium levels at 1 0 0 / 0 0  were almost identical. 
Tissue potassium levels of the 3O-0 / 0 0  animals decreased 
substantially beyond six hours, with the exception of an 
increase between 48 and 72 hours, and the 168-hour levels 
were seven mM less than the initial, 2 0 -o/oo levels.
Changes in percent tissue water with time. The 
Nobska Point animals transferred to 10 0 / 0 0  showed a rela­
tively consistent increase in tissue water to 168 hours, 
the greatest change occurring during the first 1 2 hours 
(Pig. 24). The Great Bay animals transferred to 10 0 / 0 0  
showed a more erratic pattern of water content change with 
time; tissue water content increased between zero and six 
hours, decreased between six and 1 2 hours, increased be­
tween 1 2 and 3 6 hours, and then decreased to 168 hours.
The 168-hour water content of the Great Bay animals was 
only 0.8# more than the initial, 20-o/oo level. The 168- 
hour water content of the Nobska Point animals was 7.2# 
more than the initial, 2 0-o/oo level, and a significant
104-
Table 23. Experiment I, phase 2: Mean tissue levels of
potassium for Nobska Point and Great Bay 











0 78.60 77.16 1.44
00
6 53.83 4-7.26 6.57*
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V 24- 39.39 58.91 0.4-8
• •
l>s
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72 84.59 85.54- 0.95
168 71.92 70.4-2 1.50
♦Means are significantly different, P<0.05
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Figure 24-. Experiment I, phase 2: Changes in tissue
water content with time for Nobska Point and 
Great Bay n-PQgaip-iriT cinerea at 10 o/oo 
(dashed lines) and 30 o/oo (solid lines). 
Circles - means and vertical lines - ranges. 




















4.69# more than the 168 hour-level of the Great Bay 
animals (Table 24).
Tissue water content of the animals transferred to 
30 o/oo decreased sharply between zero and six hours. The 
water content of the Nobska Point animals then increased 
to 36 hours reaching a level equal to the initial level.
The water content of the Great Bay animals increased to 
24 hours then decreased an equal amount to 36 hours.
Beyond 36 hours the tissue water content of the Great Bay 
animals remained relatively stable while that of the Nobska 
Point animals decreased 2.2$ to 72 hours and then leveled 
off at 70.7# to 168 hours. The 3O-0/00 water content 
levels of the two populations were significantly different 
only at the 36-and 48-hour sampling times.
Correlations between osmotic variables. Signifi­
cant correlations between tissue osmolality and the other 
osmotic variables were not as extensive as those in phase 
1 and differed between the two populations at each test 
salinity (Tables 25 & 26). The IO-0/00 tissue osmolalities 
were positively correlated with only potassium and soluble 
protein for the Nobska Point animals and NPS and soluble 
protein for the Great Bay animals. The 3O-0/00 tissue 
osmolalities were positively correlated with NPS, soluble 
protein and chloride for both populations and also with 
sodium for the Great Bay animals.
Chloride was positively correlated with sodium and 
potassium for the IO-0/00 groups but only with sodium for
108
Table 24. Experiment I, phase 2: Mean tissue water con­
tent for Nobska Point and Great Bay Urosalpinx
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♦Means are significantly different, P<0.05
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Table 25. Experiment I, pbase 2: Correlation matrices
for the 10 o/oo Nobska Point and Great Bay




























Protein 0.643* 0.477* 0.217 0.040 0.501*
t>s
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Cl" 0.243 -0.257 0.095 0.872* 0.837*
«a)
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Na+ 0.093 -0.471* 0.010 0.849* 0.635*














Table 26. Experiment I, phase 2: Correlation matrices
for the 30 o/oo Nobska Point and Great Bay
Urosalpinx cinerea test groups.
Nobska Point Correlations
Osmo­ NPS Soluble Cl" Na+ K+
lality Protein
lality 0.897* 0.729* 0.4-97* 0.319 -0.117
NPS 0.826* 0.659* 0.4-32* 0.14-6 -0.061
Protein °*738 * 0.54-1* 0.305 0.181 0.04-0
Cl" 0.614-* 0.627* 0.295 0.810* 0.300
Na+ 0.537* 0.362* 0.198 0.732* 0.4-26*
K+ -0.097 -0.093 -0.057 0.268 0.4-09*
♦Significant correlations, P<0.05
the 30-0 / 0 0  groups. Several negative correlations between 
NPS and inorganic electrolytes existed at 10 0/00. NPS 
was negatively correlated with all three inorganic ions 
for the Nobska Point population but only with sodium for 
the Great Bay population.
A significant, positive correlation between soluble 
protein and potassium existed for the Nobska Point, 10- 
0 / 0 0  group.
Regression of tissue osmolality on osmolality of 
NPS. chloride, sodium and potassium combined. The regres­
sion of tissue osmolality (Y) on osmolality attributable 
to NPS, chloride, sodium and potassium combined (X) was 
significant for both populations at both test salinities 
(Pigs. 25 & 26). Over 70# of the variation in tissue 
osmolality of the 3 O-0 / 0 0  groups was due to the combined 
effects of NPS, chloride, sodium and potassium. However, 
at 10 0 / 0 0  only 12.9 (Nobska Point) and 51-7# (Great Bay) 
of the variation in tissue osmolality was due to the com­
bined effects of NPS, chloride, sodium and potassium. The 
slopes of the 3 0 -o/oo regressions were similar, but the 
slopes of the IO-0 / 0 0  regressions were quite different.
Experiment II: Osmotic adjustment to changing salinity
Changes in tissue osmolality with salinity. Tissue 
osmolality changes for both populations were positively 
correlated with changes in salinity (Pig. 27). Initial, 
30-o/oo mean osmolalities for the Nobska Point and Great 
Bay animals were 1200 and 1210 mOsm respectively. These
112
Figure 25 • Experiment I, phase 2: Regressions of tissue
osmolality on osmolality attributable to NFS, 
chloride, sodium and potassium combined for 
the 10-o/oo Nobska Point and Great Bay 
Urosalni n*- cinerea.
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Figure26. Experiment I, phase 2 s Regressions of tissue 
osmolality on osmolality attributable to IPS, 
chloride, sodium and potassium combined for 
the 30-o/oo Nobska Point and Great Bay 
ProaalpinT cinerea test groups.
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Figure 27 • Experiment II: Changes in tissue osmolality
with salinity for Nobska Point and Great Bay 
Prosalpinx einerea. Circles « means and ver­
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values increased to final, 40-o/oo levels of 1436 and 1419 
mOsm and decreased to final, 10-o/oo levels of 574 and 628 
raOsm. The average change in tissue osmolality between 
consecutive test salinities was 149 mOsm for the Nobska 
Point animals and 132 mOsm for the Great Bay animals.
Changes in tissue osmolality between 30 and 25 
0 / 0 0  and 2 5 and 20 0 / 0 0  were reversed for the two popula­
tions. The mean tissue osmolality of the Nobska Point 
animals decreased 207 mOsm between 30 and 25 0 / 0 0  and only 
22 mOsm between 25 and 20 0/0 0 . That of the Great Bay 
animals decreased only 51 mOsm between 30 and 25 0 / 0 0  and 
then 180 mOsm between 25 and 20 0 /0 0 . Thus, the 20- and 
3O-0 / 0 0  osmolalities of the two populations were not sig­
nificantly different but the 2 5 -0 / 0 0  levels were (Table 
27). In addition, the mean tissue osmolality of the Great 
Bay animals was a significant 54 mOsm greater than that of 
the Nobska Point animals at the IO-0 / 0 0  salinity.
Changes in NPS and PAA with salinity. Changes in 
the NPS levels of the Nobska Point and Great Bay test 
groups were positively correlated with changes in salinity 
only within the respective ranges of 2 0 to 3 5 0 / 0 0  and 2 0  
to 40 0 / 0 0  (Pig. 28). The average change between consecu­
tive test salinities within these ranges was 44 mM for the 
Nobska Point animals and 14 mM for the Great Bay animals.
The mean NPS level of the Nobska Point, 15-0 / 0 0  
test animals was 1 0 . 5  mM greater than that of the 2 0 -o/oo 
test animals, while that of the IO-0 / 0 0  test animals was
119
Table 27. Experiment II: Mean tissue osmolalities for
Nobska Point and Great Bay Urosalpinx cinerea at
the different test salinities.
Salinity 
in o/oo




10 574.12 628.18 54.06*
15 763.64 787.32 23.68
20 971.57 979-24 7.67
25 993.67 1159.40 165.73*
30 1 2 0 0 . 7 0 1210.08 9-38
35 1350.05 1389.70 39.65
40 1435.90 1419-50 16.40
♦Means are significantly different, P< 0.05
120
Figure 28. Experiment II: Changes in tissue levels of
NFS with salinity for Nobska Point and Great 
Bay Urosaloinx cinerea. Circles * means and 
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only four mM less. At the other end of the salinity range 
the mean NPS level of the Nobska Point, 40-o/oo test 
animals was 22.5 mM less than that of the 35-o/oo test 
animals. The mean NPS levels of the Great Bay 10- and 15- 
o/oo test animals were approximately double that of the 
20-o/oo test animals.
Significant differences in NPS levels between the 
populations occurred at the 20- and 35-o/oo test salinities 
(Table 28).
Changes in NPS levels with salinity were paral­
leled by similar changes in PAA levels (Pig. 29). The 
percent contribution of total PAA to the NPS levels ranged 
from 53 to 97$ and tended to increase with increasing 
salinity (Tables 29 & 30). This latter trend was most 
discernable for the Nobska Point animals.
Taurine was the most abundant amino acid for both 
populations at all test salinities and comprised approxi­
mately one-half of the total PAA pools. Aspartic acid, 
glycine and alanine were the next three abundant amino 
acids and together comprised approximately one-fourth of 
the total FAA pools. Histidine, arginine, tyrosine and 
phenylalanine were the least abundant amino acids and to­
gether comprised less than 2$ of the total FAA pools. 
Relative contributions of lysine and glutamic acid to the 
PAA pools were not as high as those in Experiment I.
Changes in soluble nrotein with salinity. Changes 
in mean tissue levels of soluble protein were not corre-
123
Table 28. Experiment II: Mean tissue levels of NPS for
Nobska Point and Great Bay Urosalpinx cinerea at 
the different test salinities.
Salinity 
in o/oo




10 58.22 54.08 4.14
15 72.96 62.06 10.90
20 62.41 2 7 . 6 8 34.73*
25 108.00 123.35 15.35
30 141.16 130.58 10.58
55 193.25 151.27 41.98*
40 170.87 163.90 6.97
♦Means are significantly different, P<0.05
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Figure 29. Experiment II: Changes in tissue levels of
FAA with salinity for Nobska Point and Great 






























Table 29. Experiment II: Changes in tissue levels of
individual PAA with salinity for the Nobska 
Point Urosalpinx cinerea. Values given as 
millimoles per Kg tissue water.
AMINO
ACID SALINITY IN 0 / 0 0
10 15 20 25 30 3$ . 4o
LYSINE 1.48 1.41 1.51 3.16 4.07 6.29 3 . 4 3
HISTIDINE --- --- --- 0.29 2.24 tr. 0 . 3 0
ARGININE 1.13 1.36 0.33 2 . 3 0 1.51 1.56 1.82
CYSTEIC ACID 0.90 1.41 2.51 1.86 0.89 1.30 1.74
TAURINE 18.03 27-46 18.01 40.22 5 5 . 7 0 66.32 61.47
ASPARTIC
ACID 5.19 5.28 6.17 8.66 1 0 . 7 6 12.17 8.20
THREONINE 0.49 0.45 1.37 2.03 2 . 5 5 3.83 2.88
SERINE 0.78 1.01 2.93 3.98 3.84 6.29 4.82
GLUTAMIC
ACID 2.34 3.46 3.37 5.52 4.46 5.28 4.17
PROLINE --- tr. 1.60 1.38 4.18 7.83 5.03
GLYCINE 2.20 3.71 3.34 6.57 11.17 12.46 12.99
ALANINE 2.23 3.50 5.19 7.40 10.07 12.43 10.60
VALINE --- 0.47 0.69 2.73 3.26 4.51 3.35
METHIONINE --- tr. --- tr. 0.17 1.01 0.34
ISOLEUCINE 0.21 0.53 0.67 1.48 1.73 2.26 2.14
LEUCINE 0.33 0.67 1.26 2.08 2.39 3.70 2.91
TYROSINE --- tr. 0.27 0.33 0.35 1.14 0.69
0 ALANINE - — tr. --- 0.46 0.36 1.21 0.62
TOTAL 35.51 50.72 49.22 90.45 119.45 149.59 127.50
TOTAL AS % 
OP NPS
60.64 69-52 78.86 83.75 84.80 77.41 87.55
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Table 30. Experiment II: Changes in tissue levels of
individual PAA with salinity for the Great Bay 
Urosalpinx cinerea. Values given as millimoles 
per Kg tissue water.
AM±NO
ACID SALINITY IN o/oo
10 15 20 25 50 35 40
LYSINE 1.19 1.25 0.25 5-55 4.31 5.78 3.44
HISTIDINE - - - - - - - - - -- - - - - - ------- 0.23 0.39 tr. 0.64
ARGININE 0.63 0.79 ------- 0.35 1.49 0.26 0.92
CYSTEIC ACID 1.61 2.16 3.14 - — 2.51 5.05 2.30
TAURINE 14.49 22.47 8.76 45.96 57.07 63.71 61.27
ASPARTIC
ACID 4.01 4.42 5.70 9.51 11.45 9.56 10.04
THREONINE 0.26 0.85 0.52 2.58 5.63 5.85 4.31
SERINE 0.45 1.32 0.92 4.97 4.82 4.47 6.17
GLUTAMIC
ACID 1.8? 2.69 . C
O 5.23 5.09 5.75 5.87
PROLINE - - - - - - - - tr. tr. 4.15 5.55 3.06 7.04
GLYCINE 1.52 2.51 0.45 8.62 14.56 11.58 14.38
ALANINE 1.7 7 2.74 1.57 9.17 10.56 9.17 15.28
VALINE --- 0.42 2.10 2.40 2.68 2.74 3.40
METHIONINE --- 0.39 0.51 0.20 0.17 0.44 0.45
ISOLEUCINE 0.49 0.18 0.18 1.56 1.62 1.68 1.98
LEUCINE 0.62 0.46 0.22 2.34 2.57 2.24 2.62
TYROSINE --- --- --- 0.39 0.55 0.37 0.34
0 ALANINE --- ------- ------- 0.43 0.45 0.39 0.32
TOTAL















lated with changes in salinity (Fig. 30). The two pop­
ulations showed similar patterns of soluble protein change 
with salinity but differed in the magnitude of change be­
tween the various test salinities. The degree of change 
was much greater for the Nobska Point population than for 
the Great Bay population. Hov/ever, only the 35-o/oo soluble 
protein levels were significantly different (Table 31)*
Mean soluble protein levels increased 16 (Nobska 
Point) and 0.7 gm (Great Bay) between 30 and 35 o/oo but 
then decreased 1 9 . 5  and 8 . 6  gm respectively between 3 5 and 
40 o/oo. These changes resulted in the 40~o/oo protein 
levels being less than the initial, 30-o/oo levels. Mean 
soluble protein levels of the 2 5-o/oo test animals were 
less than the 3O-0 / 0 0  levels but the 20-o/oo levels were 
greater. Soluble protein levels decreased linearly be­
tween 2 0 and 1 0 0/0 0 , and the 1 0 0 / 0 0  levels were the 
lowest recorded; 49.61 gm for the Nobska Point group and 
51.55 gm for the Great Bay group.
Changes in chloride with salinity. The mean 
tissue chloride content of the Nobska Point test groups 
showed a positive, linear relationship with salinity be­
tween 10 and 35 0 / 0 0  while that of the Great Bay test 
groups showed a positive linear relationship with salinity 
over the entire test range (Pig. 31). The chloride con­
tent of the Nobska Point, 40 0 / 0 0  test group was 40 mM 
less than the 35 0 / 0 0  value. Mean tissue chloride levels 
ranged from 104.46 and 105.71 mM for the Nobska Point and
129
Figure JO. Experiment II: Changes in tissue levels of
soluble protein with salinity for Nobska Point 
and Great Bay Urosalpinx cinerea. Circles - 
means and vertical lines - ranges. Initial 
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Table 31. Experiment II: Mean tissue levels of soluble
protein for Nobska Point and Great Bay 












10 49.61 51.55 1.94
15 56.09 55.91 0.18
20 70.09 63.57 6.52
25 58.50 60.94 2.44
30 65.87 63.35 2.52
35 81.89 64.03 1 7 .8 6 *
40 61.18 55.43 5.75
*Means are significantly different, P<0.05
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Figure 31 • Experiment II: Changes in tissue levels of
chloride with salinity for Nobska Point and 
Great Bay nragaipin^g cinerea. Circles * means 



























Great Bay, 10-o/oo test animals to 384-.96 mM for the 
Nobska Point, 35-o/oo test animals and 308.99 mM for the 
Great Bay, 4-0-o/oo test animals.
Tissue chloride levels of the populations were 
significantly different from each other at several of the 
test salinities including the initial, 3O-0 / 0 0  test salin­
ity (Table 32). However, neither the 10- nor 4-0-o/oo 
levels were significantly different.
Changes in sodium with salinity. Changes in mean 
tissue levels of sodium were positively correlated with 
changes in salinity for both popiilations (Pig. 32).
Changes in sodium levels between 30 and 4-0 0 / 0 0  for the 
Nobska Point test groups and 25 and 4-0 0 / 0 0  for the Great 
Bay test groups were relatively small and averaged only 
10 and 12 mM respectively between consecutive test salin­
ities. However, between 30 and 10 0 / 0 0  the Nobska Point 
test groups had an average change of 38 mM between con­
secutive test salinities, and between 2 5 and 1 0 0 / 0 0  the 
Great Bay test groups had an average change of 37 mM be­
tween consecutive test salinities.
The initial, 30 0 / 0 0  mean tissue levels of sodium 
were 255*25 mM for the Nobska Point population and 218.07 
mM for the Great Bay population. These levels decreased 
to 105.68 and 97*89 mM at 10 0 / 0 0  and increased to 2 7 5 . 3 5  
and 24-4-.83 mM at 4-0 0/0 0 . The Nobska Point sodium levels 
were significantly higher than the Great Bay sodium levels 
at the test salinities of 1 5 , 2 0 , 3 0 and 3 5 0 / 0 0  but not
135
Table 32. Experiment II. Mean tissue levels of chloride
for Nobska Point and Great Bay Urosalpinx cinerea










1 0 104.46 105.71 1.25
15 139.37 112.67 26.70*
2 0 180.11 1 5 2 . 0 6 28.05*
25 209.05 212.63 3.58
30 2 9 1 . 0 8 234.89 56.19*
35 384.96 291.78 93.18*
40 345.19 308.99 3 6 . 2 0
*Means are significantly different, P<0.05
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Figure 52. Experiment II: Changes in tissue levels of
sodium with salinity for Nobska Point and 
Great Bay n-pn^ Mipin-g cinerea. Circles - means 
and vertical lines - ranges. Initial 
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at 10 and 40 o/oo (Table 33).
Changes in potassiim with salinity. The pattern 
of tissue potassium change with salinity was similar to 
that of soluble protein for both populations (Fig. 33)*
The one exception was the Great Bay 25- to 20-o/oo potas­
sium change which was a decrease rather than an increase. 
Mean tissue potassium levels ranged from 61.53 to 94.68 
mM for the Nobska Point population and from 69*52 to 99-76 
mM for the Great Bay population. The initial, 30-o/oo 
mean tissue potassium levels were 84.47 mM for the Nobska 
Point test group and 93*59 mM for the Great Bay test group.
The potassium levels of the Great Bay test groups 
were higher than those of the corresponding Nobska Point 
test groups at all test salinities. These differences were 
significant at the 10-, 2 5 -, 3 0-, and 35-o/oo salinities 
(Table 34).
Changes in percent tissue water with salinity. 
Changes in tissue water content were inversely correlated 
with changes in salinity for both populations (Fig. 34).
The percent water content of the Great Bay test groups 
changed an average of 1.21# between consecutive test 
salinities, while that of the Nobska Point test groups 
change an average of 1.4# between consecutive salinities.
Percent tissue water levels of the Nobska Point 
test groups were 2.5 to 5# higher than those of the cor­
responding Great Bay test groups at all test salinities. 
These differences in water content were significant at the
139
Table 55* Experiment II: Mean tissue levels of sodium
for Nobska Point and Great Bay Urosaipinx










10 1 0 5 . 6 8 97.89 7.79
15 150.4-7 119.77 30.70*
20 178.89 152.09 26.80*
25 207-54 209.76 2.22
30 255.25 218.07 37-18*
35 271.14- 222.12 49.02*
40 275.55 24-4.83 30.52
♦Means are significantly different, P<0.05
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Figure 33. Experiment lit Changes in tissue levels of 1 
potassium with salinity for Nobska Point and 
Great Bay Uy9ff^BAM  cixterea. Circles - means 
and vertical lines - ranges. Initial 
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Table 34-. Experiment II: Mean tissue levels of potassium
for Nobska Point and Great Bay Urosalpinx










10 61.53 69.52 7.99*
15 66.19 73.27 7.08
20 76.09 78.79 2 . 7 0
25 72.19 91.01 18.82*
30 84.47 93.59 9.12*
35 94.68 99.76 5.08*
40 85.93 88.91 2.98
♦Means are significantly different, P<0.05
Figure 34-. Experiment II: Changes in tissue water content
with salinity for Nobska Point and Great* Bay - 
Proaalninx cinerea. Circles - means and ver­
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test salinities of 10, 25, 30 and 40 o/oo (Table 35).
Correlations between osmotic variables. All cor­
relations between the various osmotic variables were 
positive and significant for both populations with the 
exception of the Great Bay correlations of soluble protein 
with NPS and soluble protein with chloride (Table 36).
The highest correlations were between tissue osmolality 
and chloride and sodium and chloride and sodium with each 
other. In addition, NPS showed a high degree of correla­
tion with tissue osmolality and with the inorganic ions. 
The lowest correlations were between soluble protein and 
the other osmotic variables, with the exception of potas­
sium. Correlations betv/een soluble protein and potassium 
were high for both populations.
Regression of tissue osmolality on osmolality of 
NPS, chloride, sodium and •potassium combined. The regres­
sions of tissue osmolality (Y) on total osmolality attri­
butable to NPS, chloride, sodium and potassium combined 
(X) were significant for both populations (Pig. 35). Over 
92 and 89$ of the variation in tissue osmolality was 
attributable to the combined effects of NPS, chloride, 
sodium and potassium for the Nobska Point and Great Bay 
populations respectively.
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Table 35* Experiment II: Mean tissue water contents for
Nobska Point and Great Bay Urosalplnx cinerea
at the different test salinities.
Salinity 
in o/oo
Mean Water* Content ( % > )  
Nobska Great' 
Point Bay
Mean * Dif f erences
10 82.59 77.55 5.06*
15 79.44 76.57 2.87
20 77-54 74.86 2.48
25 76.95 75.12 3.83*
50 76.59 71.95 4.66*
35 73.77 70.84 2.93
40 73.73 70.27 3.46*













Table 36. Experiment II: Correlation matrices for the
Nobska Point and Great Bay Urosalpinx cinerea.
Nobska Point Correlations




0.872* 0.538* 0.939* 0.938* 0.822*
NPS 0.819* 0 .566* 0.895* 0.809* 0.844*
Soluble
Protein 0.466* 0.196 0.537* 0.398* 0.811*
Cl" 0.936* 0.843* 0.326 0.929* 0.783*
Na+ 0.939* 0.820* 0.412* 0.954* 0 .686*
K+ 0.872* 0.773* 0.610* 0.824* 0.837*
♦Significant correlations, P<0.05
148
Pigure 35 • Experiment II: Regressions of tissue osmo­
lality on osmolality attributable to UPS, 
chloride, sodium and potassium combined for 
Nobska Point and Great Bay Proaalninx cinerea.


















Previous authors have shown that U. cinerea is 
stressed when the salinity decreases below 1 5 o/oo and 
increases above 55 o/oo (Engle, 1935-56; Sizer, 1936). 
Observations on the behavior of the animals in the present 
study corroborate these earlier findings. While the two 
populations studied came from quite different salinity 
regimes in nature, they showed similar behavioral responses 
to the test salinities. Behavior was "normal'' at the 
20- and 30-o/oo salinities in Experiment I and within the 
salinity range of 20 to 35 0 / 0 0  in Experiment II. Animals 
transferred to 10 0 / 0 0  in Experiment I showed an immediate 
and pronounced stress response to the low salinity. These 
animals remained unattached for the duration of their ex­
posure, responded poorly to tactile stimuli, and did not 
feed or crawl about. The animals transferred to AO 0 / 0 0  
in Experiment I showed a similar stress response for the 
first 12 hours of exposure but then became attached to 
the substratum and exhibited some feeding and crawling 
activity, but the typical negative geotaxis was absent.
Animals transferred to the 15- and AO-0 / 0 0  test 
salinities in Experiment II shov/ed reduced feeding and 
crawling activity. Seventy-five to 80$ of the animals 
were attached at the end of 120 hours but did not exhibit 
negative geotaxis. The animals transferred to the IO-0 / 0 0  
salinity in Experiment II exhibited an initial response 
similar to that of the IO-0 / 0 0  animals in Experiment I.
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By 120 hours of exposure approximately 4-0$ of the animals 
were attached but feeding and crawling did not occur for 
the duration of the study. No deaths occurred in Experi­
ment I and at the 10-o/oo salinity in Experiment IT. Only 
a few, random deaths per population occurred at the 1 5 - 
through 4-0-o/oo test salinities in Experiment II, five for 




The significant regressions of tissue osmolality 
on the combined osmolality of NPS, chloride, sodium and 
potassium show that collectively these ions exert a large 
influence on the internal osmolality of both populations. 
The low correlation coefficients (r) for the lO-o/oo re­
gressions in Experiment I, particularly for the Nobska 
Point population, demonstrate that other substances were 
strongly involved in the time-rate adjustment to this low 
salinity and indicate a shift in the mechanism of osmotic 
adjustment. This contention is supported by the fact that 
only at this salinity did significant, inverse correlations 
exist between NPS and chloride, sodium or both. Unless 
buffered by changes in tissuie levels of other ions these 
inverse relationships would have resulted in excessive 
osmotic and electro-chemical imbalances betv/een the intra- 
and extra-cellular fluids and led to the death of the 
animals. However, even though the animals were stressed at 
10 0 /0 0 , no deaths occurred at this salinity in either 
experiment.
While net trends in the time-rate osmotic adjust­
ment of the various variables were clearly defined in Ex­
periment I, actual changes in tissue levels oscillated 
between consecutive sampling times, These oscillations 
may be associated with normal patterns of diurnal or tidal 
rhythmicity. Sandeen, Stephens and Brown (1954-) showed 
that oxygen consumption in U. cinerea from Nobska Point
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followed definite patterns' of both diurnal and tidal 
rhythmicity. Future studies should investigate the pos­
sible influence of diurnal and tidal rhythmicities of 
oxygen consumption on time-rate osmotic adjustment in 
marine invertebrates. A study of this nature is important 
since many osmotic-adjustment mechanisms require metabolic 
energy (Potts and Parry, "1964).
The data of Experiment I showed that initial, six 
to 12-hour changes in osmotic variables were great and re­
flected the direction of the salinity change. This indi­
cated that these initial changes in osmotic constituents 
and tissue osmolality were passive adjustments to ambient 
osmotic conditions and were probably accounted for by the 
high degree of tissue hydration (decreasing salinity) and 
dehydration (increasing salinity) for the same time period. 
After this initial response, individual constituents had 
different patterns of change with time.
The significant correlations between tissue osmo­
lality and soluble protein suggested a major osmotic role 
for soluble protein. Even at a minimum molecular weight 
of 10,000, maximum levels of soluble protein found in this 
study would exert an osmolality of less than 13 mOsm.
However, this corresponds to a tissue osmolality contribution 
of less than 1# of the total. Robertson (194-9) found that 
blood levels of soluble protein in the related marine 
gastropod, Buccinum undatum. v/ere also too low to effectiv­
ely influence blood osmolality. Thus, correlations of
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tissue osmolality with soluble protein would not be 
osmotically important and probably only reflect similar 
responses to tissue hydration or dehydration. Another 
possibility is that soluble proteins acted as carriers of 
potassium in either active transport or exchange diffusion 
processes. In this case these correlations would have 
biological importance. This is only speculation, but many 
of the correlations between osmolality and soluble protein 
were accompanied by correlations between soluble protein 
and potassium and potassium and osmolality.
Marine molluscs studied to date concentrate potas­
sium at levels several times greater than that of the 
surrounding seawater (Potts and Parry, '1964-). The internal 
external distribution of potassium is intra-cellixlar > 
extra-cellular > seawater. In the present study tissue 
levels of potassium were always several times greater than 
that of the test salinity. However, this is the first re­
corded instance where changes in tissue levels of potassium 
did not always reflect the direction of the salinity change 
The animals transferred from the holding salinity of 20 
o/oo to the test salinity of 50 o/oo in Experiment I 
"unloaded" potassium to the environment as did those trans­
ferred from 35 o/oo to 4-0 o/oo in Experiment II. The 
mechanisms of this unloading process are unknown but pro­
bably involved both ultra-filtration through the excretory 
system and active transport through the gills and integu­
ment. It is also unknown if the source of this excreted
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potassium was extra-cellular, intra-cellular or both.
Future studies should investigate the actual flux of 
potassium between intra- and extra-cellular fluids in 
response to changing salinity.
All correlations between tissue levels of chloride 
and sodium were significant and positive for both popula­
tions. This suggested that the process of osmotic adjust­
ment for these ions were similar in U. cinerea. In 
addition, changes in tissue levels of chloride and sodium 
with time in Experiment I and salinity in Experiment II 
indicated that both populations did not regulate these 
ions. One exception was the decrease in tiss^le chloride 
for the Nobska Point population between 35 ^nd 40 o/oo in 
Experiment II. This anomaly occurred only once and may 
have been due to sampling error: the range of chloride 
levels for the Nobska Point animals at 35 o/oo was very 
large and skewed upwards. Blood levels of these monovalent 
ions are probably established by a simple osmotic diffusion 
until an equilibrium with the surrounding seawater is 
reached. Tissue levels of chloride were slightly higher 
than those of sodium reflecting the relative proportions 
of these ions in seawater.
The variability of FAA contribution to total NPS 
levels indicated that other, unidentified nitrogenous 
compounds were important contributors to intra-cellular 
osmolality in U. cinerea. The compounds involved may be 
the same as or similar to the dialyzable, unidentified
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compounds found in Mytilus edulis (Bricteux-Gregoire, 
Duchateau, Jeuniaux and Plorkin, 1964) and Tegula 
funebralis (Peterson and Duerr, 1969)* Percent contri­
bution of total PAA to mean tissue levels of NPS varied 
from 55 to more than 100%. Values greater than 100^ are 
an error attributable to the fact that the method used for 
the determination of NPS was not sensitive to the presence 
of proline and hydroxy-proline. As a result the recorded 
NPS levels were several percent lower than the true levels.
. In both experiments taurine was usually the most 
abundant amino acid for both populations. Other amino 
acids present in high amounts were lysine, aspartic acid, 
glutamic acid, glycine and alanine. Together these six 
amino acids comprised more than ^0% of the total PAA pools. 
This data is in partial agreement with that for other 
marine, prosobranch gastropods. Simpson, Allen and 
Awapara (1962) found taurine, alanine, arginine, aspartic 
acid, glutamic acid and glycine to be the six most abundant 
amino acids in Thais haemastoma, Polinices duplicate and 
Oliva sayana. Peterson and Duerr (1969) found a similar 
amino acid distribution in T. funebralis. The discrepancy 
between the present study and these others lies in the re­
lative proportions of lysine and arginine; arginine levels 
were low in both populations of U. cinerea and lysine 
levels were high. It is possible that arginine is an 
essential amino acid in U. cinerea and is not metabolically 
available as a major osmotic effector. Lysine is probably
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not an essential amino acid in U. cinerea and therefore 
is metabolically available as a major osmotic effector. 
True tissue levels of lysine were slightly less than the 
recorded levels since the chromatographic peaks of lysine 
and ornithine were indistinguishable. However, several 
"long-column" runs showed ornithine to be present in small 
amounts, less than 5 mM/Kg of tissue water at 25 o/oo.
Taurine is a known metabolic byproduct of cysteine 
oxidation, and this reaction has been demonstrated in M. 
edulis (Allen and Awapara, 1962). However, inverse re­
lationships between cysteic acid and taurine were not 
apparent for both populations of U. cinerea. The low 
.levels of taurine found at several of the sampling periods 
may be indicative of metabolic conversion of taurine to 
its hydroxy analog, isethionic acid. Peterson and Duerr 
(1269) suggested this conversion for T. funebralis, and 
Lewis (1952) found high levels of isethionic acid in 
squid axoplasm.
Dupaul and Webb (1970) showed a significant, in­
verse correlation between aspartic acid and alanine in the 
clam, Mya arenaria and postulated that under conditions of 
increasing salinity aspartic acid is decarboxylated to 
alanine, while under conditions of decreasing salinity 
alanine is carboxylated to aspartic acid. In the present 
study inverse correlations between alanine and aspartic 
acid were not apparent. Thus, the carboxylation-decar- 
boxylation mechanism proposed for M. arenaria probably
1 5 8
does not exist in U. cinerea.
Final 10-, 20-, 30- and 40-o/oo NPS, FAA and 
soluble protein levels in Experiment T were approximately 
1.5 to 2.5 times greater than corresponding levels in 
Experiment II. The reason for this is unknown but may be 
due to differences in the physiological states of the test 
animals between the two experiments. Similar large dis­
crepancies were not noted for inorganic ions.
The NPS and FAA data of this study is difficult to
interpret without suggesting that both populations ex­
hibited intra-cellular,anisosmotic regulation at the stress 
salinities mentioned previousl:/. Changes in tissue levels 
of NPS and FAA at the test salinities of 10 and 40 o/oo 
in Experiment I showed a definite inverse relationship 
with time after the first six to 12 hours of exposure.
This six to 12-hour lag phase suggests that the specific
metabolic mechanisms of this anisosmotic regulation were 
"triggered" into action when initial osmo-conformit:/" 
threatened the homeostatic balance of the cells. The 
initial hydration or dehydration of the tissues may have 
been the triggering agent. The 15- and 10-o/oo NPS and 
FAA levels in Experiment II were similar to or greater 
than those at 20 o/oo. This further substantiates the 
contention that both populations exhibited intra-cellular, 
hyper-osmotic regulation at low stress salinities. The 
40-o/oo NPS levels in Experiment II indicated that, under 
conditions of small, stepwise changes in salinity, only
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the Nobska Point population exhibited intra-cellular, 
hypo-osmotic regulation at this high stress salinity.
The comparative results of this study clearly 
showed that these two populations of TJ. cinerea differed 
in their osmotic response to changing salinity. They 
differed not only in rates of adjustment of osmotically 
active substances to a new salinity but also in the final, 
equilibrium levels. However, the lack of consistency or 
uniformity of these differences, the overlap of ranges 
in corresponding tissue levels for the various osmotic 
variables, the similarity of the regression slopes and the 
behavioral results indicated that these populations were 
not separate "osmotic species". Rather, they can be 
thought of as "osmotic clines" which, as a result of the 
different selective forces between their natural environ­
ments , showed slightly different physiological responses 
to identical changes in salinit?/.
The results of this study along with those of 
Todd ( 1 9 6 4 )  and Peterson and Duerr ( 1 9 6 9 )  indicate that 
the general belief that all marine molluscs are osmo-con- 
formers may be erroneous. It is significant that all 
three species for which osmotic regulation is suggested 
are intertidal or estuarine, prosobranch gastropods.
Future studies on osmotic regulation in marine molluscs 
should be directed towards the intertidal and estuarine 
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